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Developmental reactor will aid 
General Electric engineers in power plant design 


Under construction at the General Electric 
Vallecitos Atomic Laboratory, Pleasanton, 
California, this boiling water reactor will be 
used to study design and operating charac 
teristics of General Electric’s present power 
reactor projects. 

Designed primarily to contribute to exist 
ing reactor technology and develop new 
methods of approaching economical nuclear 
power, the reactor will also provide steam 
for a 5000-kw turbine-generator operated by 


the Pacific Gas and Electric Company. 
Design and utilization of this facility is 
of General Electric’s 
engineering leadership in the field of atomic 
energy. Atomic Power Equipment Depart- 
ment, General Electric Company, San Jose, 
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About 
NUCLEONICS 


“Can you split your fountains?”’ 
‘“‘ Are we marking our bleeds properly?” 
“Do you have a bolder Greek face?” 
These are not the usual questions 
that a Nucieonics editor asks when 
he goes off on a field trip, for they 
nothing to do with nuclear 
But, 
among the many questions that eight 
the Nuc eonics staff 
sought answers to one day last month 
in the city of 
York, home of Maple Press, printers 
extraordinary. We took a day off 
from work to work, sort of a busman’s 
holiday, to find out what makes our 
printer tick—or rather what 
him ticking rather than 
after the years of abuse we 


have 


technology they were indeed 


members of 


Pennsylvania-Dutch 


keeps 
exploding 
thought 
we were heaping on him 

This probably makes it sound as if 
we editors don’t have much face-to- 
face contact with our printer, which 
Also, it must 
seem as if we don’t do our own printing. 
This too is the case. 

McGraw-Hill contracts out all of its 
printing, with most of our magazines 
handled in Albany, N. Y., others in 
Philadelphia, Chicago and New York 
City. its technical char- 
acter and the consequent need for the 


actually is the case. 


Because of 


use of monotype, Nucieonics is the 
only McGraw-Hill periodical printed 
at Maple Press, one of the largest 
monotype printers in the world. 

With the volume of manuscript 
that flows McGraw-Hill 
each day to the various printers, a 


copy from 
centralized company-wide Production 
Department has been set up to act as 
middleman between the editors and 
the printer. This is the the 
editors don’t have face-to-face contact 


reason 


with the printer and the reason for the 
educational tour of the printer, 
Although our technical 


men- 
tioned earlier. 
editors need not know the difference 
between type lice and a _printer’s 
devil, an appreciation of typesetting 
practice and printing 
hances their ability to do their job. 
We do, of course, have on our staff 
who 


problems en- 


concentrate 
on the physical appearance of the 
magazine. Veteran art Hy 
Phillips, and his assistant, Roy Thomp- 


various specialists 


director 


sen, have the responsibility of designing 
the front cover each month, laying 
out the articles, and specifying the 
typography—all making for, we be- 
lieve, a handsome, easy-to-read format. 

Superimposed on the need to make 
the magazine attractive, easy to read, 
and packed full of useful information 
is another the 
need to “get the magazine out,” to 
get the issue off the press and into 


indispensable need 


the hands of the subscribers. Some- 


Nucleonics’ Nancy Case—Smiles speed production 


times this is the toughest part of 
the job—following schedules, meeting 
deadlines. 

It falls to the lot of Managing Editor 
Dan Cooper to ply the whip on laggard 
editors so that we make 
normal issue mailing date, the eighth 
of the month. But Dan, being both 
lazy and intelligent, hands the whip 
over to our production editor, Nancy 
Case (see photo). All she need do is 
look at a delinquent editor and he 


can oul 


melts into line. 

The important role that the pro- 
duction editor plays—in making sure 
that drawings are done on time, in 
prodding editors to get copy out of 
the typewriter, in getting editorials 
out of the editor, 
out at the printer. It 
see how a one hour delay in the edi- 
torial office in New York could possibly 


etc.—was borne 


was easy to 


result in several days’ delay in mailing 
of the issue from York, Pa. 

Our schedule runs something like 
this: Feature article copy is due at 
the the Ist of the 
month, prior to the month of ‘publica- 
tion. Back-of-the-book departments 
are due about the 10th of the month 
prior to publication, and ROUNDUP 
copy, the last to come in, is due at the 
end of the month. 

The bulk of the magazine is “‘dum- 
mied” over a 3-4-day period in the 
middle of the month. Page proofs 
are checked about the 25th of the 
month of publication. And then, the 
the magazine is mailed on 


printer about 


big day 
the 8th! 
At present, it takes subscribers one 
to two weeks to get their copies. 
Foreign mailings are made first. Then, 
alphabetically, according to state, 
the rest of the copies are sent out. 
This process takes about four days. 
And while this mailing is going on 
from York, more deadlines are being 
met in New York. Copy for the 
following month’s issue is pretty well 
set. And plans for the subsequent 
two month’s issues are being frozen. 
There’s just no rest for the weary! 


—The Editors 
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designed for people 
who must work in a 


controlled atmosphere 
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BLICKMAN VACUUM DRY BOX 


Designed by Blickman engineers for safe han- 
dling of radio-isotopes, reactor fuel containing 
Plutonium or U233 and other hazardous sub- 
stances. Fabricated of stainless steel plate. With 
air-lock, it can be sealed to create a vacuum.. 
then flushed to provide a controlled atmosphere. 
The vacuum dry box can be pumped to a 50 
micron level. Leakage is less than 200 microns per 


hour. Dimensions overall are 34” long x 26” high 
x 24” wide at base. Air-lock measures 18” x 12”. 


Sturdy, all-welded construction assures long life 
...rounded corners provide easy cleaning and 
decontamination. Send for Technical Bulletin A-2 
or describe your specific problem. Write S. Blick- 
man, Inc., 7902 Gregory Ave., Weehawken, N. J. 


BLICK MAN 
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Behind B&W Atomic Energy 


INDEPENDENT NUCLEAR RESEARCH ° 90 YEARS OF STEAM POWER 





B&W Nuclear Facilities Plant in Lynchburg, \—, 


Many of the components in nuclear steam generating and erection... the skills and techniques acquired ao 
systems are remarkably like those in use in modern developed through the creation of thousands of co» 
conventionally-fueled power plants. And in the de- ventional-fuel, high pressure boilers. You get th 
sign and fabrication of reactors and fuel elements, advantages of direct atomic energy experience accumi 
many of the solutions to problems—in metallurgy, lated since the days of the Manhattan Project throug 
metal working techniques, heat transfer and fluid flow, active participation in many AEC-sponsored projects. 
and welding—are being found through extensions of the practical results of B&W’s own continuing pr 
past B&W experience and research. gram of independent nuclear research and developmen 


In this very real sense B&W offers you the benefits These, together with specialized facilities, form th 
of 90 years of experience in design, fabrication, testing unique background B&W brings to single com 
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B&W Critical Experiment Laboratory, Lynch- Massive draw bench produces heavy-wall, large- 
burg, Virginia. diameter hollow forgings. 


This high-speed digital computer helps speed 
computational work in reactor core design. 





B&W-designed electrical-resistance welding 


process clads base plate with alloy sheet. 





Experience.... 


EXPERIENCE ¢ SPECIALIZED FACILITIES 


nents, or the design, fabrication, testing and erection 


‘§ of complete nuclear steam generating systems, from 


fuel elements to turbine throttle. 
The Babcock & Wilcox Company, Atomic Energy 


Division, 161 East 42nd Street, New York 17, N. Y. 


Experience, skills and tools developed over 


4 3 ~ 5 ’ ‘ : 
fe , me bo years are applied to design, fabrication and 
CO erection of nuclear steam generators. 
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INDEPENDENT NUCLEAR RESEARCH ° 90 YEARS OF STEAM POWER 


Many of the components in nuclear steam generating 
systems are remarkably like those in use in modern 
conventionally-fueled power plants. And in the de- 
sign and fabrication of reactors and fuel elements, 
many of the solutions to problems—in metallurgy, 
metal working techniques, heat transfer and fluid flow, 
and welding—are being found through extensions of 
past B&W experience and research. 


In this very real sense B&W offers you the benefits 
of 90 years of experience in design, fabrication, testing 


thea 


and erection... the skills and techniques acquired ar 


developed through the creation of thousands of co» 


ventional-fuel, high pressure boilers. You get th 


advantages of direct atomic energy experience accumi 


lated since the days of the Manhattan Project throug 
active participation in many AEC-sponsored projects. 
the practical results of B&W’s own continuing pr 
gram of independent nuclear research and developmen 


These, together with specialized facilities, form th 
unique background B&W brings to single comp¢ 
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B&W Critical Experiment Laboratory, Lynch- Massive draw bench produces heavy-wall, large- 
burg, Virginia. diameter hollow forgings. 
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8500-ton hydraulic press bends and forms heavy This high-speed digital computer helps speed 
plate, pierces ingots. computational work in reactor core design. 


A continuing program of independent nuclear B&W-designed electrical-resistance welding 
research is carried on at B&W’s Research Cen- process clads base plate with alloy sheet. 
ter at Alliance, Ohio. 


yExperience.... 


~*~ EXPERIENCE ¢ SPECIALIZED FACILITIES 


nents, or the design, fabrication, testing and erection 

s of complete nuclear steam generating systems, from 
fuel elements to turbine throttle. 

The Babcock & Wilcox Company, Atomic Energy 

Division, 161 East 42nd Street, New York 17, N. Y. 
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SBABCOCKH Experience, skills and tools developed over 90 
years are applied to design, fabrication and 
& WILCO erection of nuclear steam generators. 
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SCIENTISTS... 


Help develop the world’s first 
nuclear powered fleet 


The U.S.S. Nautilus, the first outstanding application 
of nuclear power to naval vessels, has demonstrated 
the potentialities for a modern, streamlined fleet 
which could cruise at high speed without the restric- 
tions of frequent refueling. As the pioneer in nuclear 
power, the Westinghouse Bettis Plant in Pittsburgh 
is playing a leading role in producing power reactors 
for this nuclear fleet. Not only are Bettis engineers 
now developing more advanced reactors for sub- 
marines, but they are also pioneering nuclear reactors 
for a guided missile light cruiser and an atomic air- 
craft carrier. 

Much of the technology used to harness the atom 
for nuclear propulsion is being developed for the 
first time. Our growth to date must be continued by 
creative engineers who enjoy the challenge of new 
technological advancement. 


Theoretical Physicists are needed for reactor plant 
and kinetic studies as well as calculation of critical 
loading, power distribution, and general physics char- 
acteristics of a core. 


Experimental Physicists are needed to conduct 
experiments for physics information on the reactor 
cores which are the heart of the atomic power plant. 


Mathematicians are needed to help physicists 
solve problems in reactor and shielding physics uti- 
lizing large digital computers. 


Located in Pittsburgh’s South Hills, Bettis Plant 
is adjacent to pleasant suburban areas as well as 
convenient to one of the nation’s most progressive 
cities where educational opportunities are exceptional. 


If you are interested in working | 
in the field of atomic power write | 
for the brochure, **Tomorrow’s 
Opportunity Today.’’ Address 
Mr. A. M. Johnston, Westinghouse | Tomorrow's 
Bettis Plant, Dept. A-112, P.O. Box | { Ippariunity 
1468, Pittsburgh 30, Pennsylvania. Y 


BETTIS PLANT 
Westinghouse 
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by The CARBORUNDUM METALS COMPANY 


PEE 
MORE Zr FACTS CR 


INTRODUCING 
“More Zr Facts’ 


A new bi-monthly publication 
devoted to Zirconium facts and news 


by The CARBORUNDUM METALS COMPANY 











“More Zr Facts” is designed to provide the first continuing 
source of zirconium technical data to industry. It will be 
distributed to interested scientists, engineers and manage- 
ment in the nuclear and chemical processing industries who 
are responsible for product and process development. In 
addition to its technical coverage, “More Zr Facts will 
provide dependable information on new applications, pro- 
duction, availability and cost of zirconium. Published every 
second month and distributed without charge, your copies 
will build you a complete zirconium fact file. 


Gives you 
up-to-date 
data on 


ZIRCONIUM 
Properties, 





The Carborundum Metals Company is the pioneer commer- 
cial producer and a principal supplier of zirconium to the 
A.E.C. This experience and knowledge assures you that 
“More Zr Facts” will bring you accurate and useful data 
on the unmatched corrosion resistance and unique nuclear 


r 
Production 

and Uses properties of this highly versatile metal. “More Zr Facts” 
will assist your planning . .. present and future. 


Le a | 


comes to you FREE of cost! [| fmzcatte= 


i The CARBORUNDUM META 


Division of The Carborundum Com 
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LS COMPANY, 


Akron, New York pany 
Gentlemen: Please 


o place my na 
receive ‘More Zr Facts’ Y me on your mailing list to 


MAIL coup ' ~ your new, free zirconium Publication 
AY { aa TITLE 
“2 enter 
A 
See ae ; ADDRESS 
receive your copy r _7 balk 
u ar ZONE STATE 
: | , , 
y My special interes: in zirconium relates to its us 
- ses in 


The CARBORUNDUM METALS COMPA» 
Akron, New York - 
DIVISION OF THE CARBORUNDUM COMPANY 
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On this subject: 
EXCHANGERS FOR NUCLEAR SYSTEMS 


Ross speaks with experience 


The initiative which Ross has taken in virtually every field of heat exchanger development 


applies to the nuclear energy field, as well. Ross engineers were early at work. 


Starting with exchangers designed and fabricated for the Manhattan Project, and 
carrying on down right through to today, Ross has been steadily building its reputation in 


nucleonics’ circles. 


The readiness of Ross to perform engineering development; the possession of the 
necessary skills to work with specialized materials; the ability accumulated through experience 
to meet stringent specifications . .. these and others are points which Ross engineers would 


be pleased to discuss with you. Yes, Ross can speak with experience. Your inquiries are invited. 


Ross Heat Exchanger Division of American-Standard, Buffalo 5, N. Y. 
In Canada: American-Standard Products (Canada) Limited, Toronto 5, Ont. 


February, 1957 - NUCLEONICS 








Vi 








RCA-6810—the most sensitive 
phototube in the RCA line--is a 
head-on type multiplier photo- 
tube designed for scintillation 
counters, spectrophotometers, 
and other applications involving 
low-level light sources. Featur- 
ing fast response, high current 
gain, relative freedom from 
after-pulses, and small spread 
in electron-transit time, the 6810 
is particularly useful for fast 
coincidence scintillation count- 
ing. Because the 6810 is capable 
of delivering pulse currents 
having magnitudes up to 0.5 am- 
pere without appreciable devia- 
tion from linearity, the need for 
an associated wide-band ampli- 
fier is eliminated in many appli- 
cations. 

The spectral response of the 
6810 covers the range from 
about 3000 to 6500 angstroms. 
Maximum response occurs at 
approximately 4400 angstroms. 
The 6810, therefore, has high 
sensitivity to blue-rich light. 
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Design Features of RCA-6810 
* semitransparent cathode on in- 
ner surface of tube face + face 
has flat surface - 14 electrostati- 
cally focused multiplying 
(dynode) stages - focusing elec- 
trode with external connection 
for shaping the field which 
directs photoelectrons from the 
cathode onto the first dynode - 
accelerating electrode with ex- 
ternal connection for minimiz- 





ey TUBE DIVISION 






4 shown 
5» % actual 


| size 


SENSITIVITY-AMPERES/LUMEN (COLOR TEMR 2670°%) 
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CHARACTERISTICS 















SUPPLY VOLTS P 
ing the effect of space charge - 
short time-resolution capability 
in the order of 1 or 2 millimicro- 
seconds: 
66 000,00 when operated 
with 2300 volts supply potential 

For complete technical data 
on RCA-6810 and other RCA 
Phototubes, write to RCA, Com- 
mercial Engineering, Sec. B-31-Q 
Harrison, N. J. 










HARRISON, B.4. 









SODIUM IODIDE (FTRHALLIUM) 
scintillation crystals for Gammao-and X-rays detection instruments. 


The purity of the matericis and the proper activation gives Q & S 
Na I (T2) crystals the maximum light output together with the 
sharpest spectrographic resolution — Normally supplied in sealed 

aluminum containers, the special coating of the walls insures that 


Q U A R T Z every bit of light is collected. 


Any shape, any size up to several inches are available. Thin windows 
& of mica or beryllium are supplied for soft X-rays measurements. 


SILICE CAESIUM IODIDE (THALLIUM) crystals also available 


leading European ZINC SULFIDE QA RAYS DETECTORS 


grower A zinc sulfide screen, covered with a very thin (less than 1 mg/cm’) 


of synthetic light-tight aluminum deposit, insuring minimum «- particle absorption. 


crystals offers Available in any size, up to 12 inches. 


PLASTIC SCINTILLATORS 


for 8 - or y-rays detection. Contains p-terphenyl and tetraphenyl- 
butadiene for wave length shifting. 


Available in any size. Aluminized coating on request. 





N 686, SOMERSET STREET 


QUARTZ PRODUCTS CORPORATION 55%, 5o"inset state 





PAUL-MARTIAL. PARIS 


SOCIETE AWONYME AU CAPITAL DE 351.680.000 Francs 
QUARTZ & SILICE 8, RUE D'ANJOU - PARIS @ . FRANCE - TEL. ANJOU 17-36 + 
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Norton ceramic fuel elements 


Separate facility now producing ceramic fuel elements 


and various reactor components 


To meet the demand for more- 
economical, more-efficient reactor fuels, 
the trend is towards ceramic types — be- 
cause of their greater resistance to cor- 
rosion and radiation, the ease with which 
they can be reprocessed, and their ability 
to operate at higher temperatures. 
Norton Company’s long experience in 
the development of high-purity ceramics 
has now led to the commercial produc- 
tion of ceramic fuel elements. 


Take Advantage of Norton Assistance 
in bringing special nuclear materials into 
successful use in the development of 
nuclear power plants. In addition to the 
development and production of ceramic 
reactor components, Norton experience 
includes highly specialized refractories 
for missile, metallurgy, chemical, and 
furnace applications. These top-perform- 


ing Norton refractory R’s — engineered 
and prescribed for the widest range of uses 
— are of increasing interest to nuclear 
engineers. They include alumina, silicon 
carbide, thoria, urania, zirconia, mag- 
nesia, dolomite, and numerous borides, 
carbides and nitrides 
fited nuclear as well as general industrial 
developments. 

A special Norton Research and De- 
velopment section, devoted to the devel- 
opment of precision ceramics and familiar 
with both nuclear and refractories devel- 
opment, co-operates whenever possible 


that have bene- 


with industrial, government and academic 
research activities. Your progress may be 
speeded up by utilizing Norton co- 
operation and products. For further in- 
formation write to Norton Company, 
Refractories Division, 650 New Bond 
Street, Worcester 6, Massachusetts. 











WNORTONF 


REFRACTORIES 
Engineered... R ..» Prescribed 





Glaking better products eee 
to make your products better 





NORTON PRODUCTS: Abrasives * Grinding Wheels 
Grinding Machines * Refractories 
BEHR-MANNING PRODUCTS: Coated Abrasives 
Shorpening Stones * Behr-cat Tapes 








——_—_—————— Visit Booth #120 at the International Atomic Exposition ———————— 
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NUCLEAR NEWS FROM ATOMICS INTERNATIONAL 


One-man Laboratory Reactor 
designed for industry, hospitals 
and schools — available 

for $55,000* 


A new atomic tool that will speed and 
broaden nuclear research and training 
has been designed and developed by 
ATOMICS INTERNATIONAL. Here is a 
low cost instrument that even a mod- 
erately-budgeted hospital, industrial or 
educational laboratory can use to teach 
and conduct research in nuclear science. 


costly contamination controls and waste 
handling systems. 


The LR can perform medical research 
functions such as genetic mutation 
studies, tracer research on plants and 
animals, radiation chemistry, and test- 
ing by the danger coefficient method. 
Equipped with facilities to conduct sev- 
eral experiments simultaneously, the 
reactor is ideally suited as a teaching 
tool in nuclear enginecring, nuclear 
physics, radiochemistry and radiobiol- 
ogy. The basic behavior of neutron 
chain reactions, response to control ele- 





New lat itory Re 


The Laboratory Reactor (LR) is a 
5-watt, solution-type nuclear reactor. 
It can be operated and maintained by 
one person. It is 8-feet high, 8-feet in 
diameter. Power requirements are 110- 
volts at 60 cycles. It is completely fab- 
ricated at the factory and shipped as a 
unit—manufactured and installed in 
about 6 months. It has a wide range of 
applications. 


As a laboratory instrument for 
research programs, the LR permits 
qualitative analysis by the neutron acti- 
vation method — including measurement 
of coatings on metals, moisture testing, 
and liquid level monitoring. It will pro- 
duce more than 100 different radioiso- 
topes, about 40 of which have half-lives 
short enough to eliminate the need for 


vides a neutron flux of | 


gamma ray flux of 10° 


ments, and the effect of delayed neu- 
trons are a few of the 40-odd experi- 
ments that can be performed on the 
Laboratory Reactor. 


The core of the reactor is a stainless 
steel sphere with an overhead convec- 
tion recombiner. The fuel is uranyl sul- 
phate enriched in uranium 235. The 
core is enclosed in a 6-inch lead reflec- 
tor-shield. The complete 3500-pound 
unit— 32” high, 24” wide—is centered 
in an 8-foot tank filled with water which 
serves as a biological shield. 


The gas recombining system is con- 
tained in the core tank. A cylindrical 
screen above the core solution holds 
platinized alumina catalyst pellets 
which recombine hydrogen and oxy- 


gen gases formed during reactor oper- 
ation. These fission product gases - 
valuable in experimental programs— 
can be withdrawn from the core through 
special gas lines. 


The LR operator handles all controls 
and detection equipment from a con- 
trol console adjacent to the reactor 
Two cadmium control rods move ver- 
tically through the core — driven by 
electric motors manually controlled by 
the operator. The lead-weighted rods 
are attached to an electromagnet which 
releases automatically to let the rods 
fall by gravity into the core and shut 
down the reactor in event of a scram. 


Instrumentation provides safety, 
low-cost and flexibility. At startup, 
three boron-lined neutron counters are 
fully inserted in detection tubes in the 
water tank. As power level increases, 
the operator withdraws the counters. 
Rate circuits— adjusted in response 
time constants—provide two 1% -second 
circuit channels for safety and observa- 
tion and one 2-second channel for 
accurate power recording. 
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The LR can be installed in 
a 20x20-foot floor area 


ATOMICS INTERNATIONAL, a division 
of North American Aviation, Inc., is a 
major reactor builder —experienced in 
the design, construction and operation 
of nuclear reactors for research and the 
production of power. If you are inter- 
ested in the LR—or any phase of reac- 
tor development — ATOMICS INTERNA- 
TIONAL is staffed and equipped to serve 
you. Please write, Director of Technical 
Sales, Dept. NL-71, Atomics INTER- 
NATIONAL, P.O. Box 309, Canoga Park, 
California. Cable address: ATOMICcs. 


ATOMICS INTERNATIONAL 


A DIVISION OF 


NORTH AMERICAN AVIATION, 


INC 


PIONEERS IN THE CREATIVE USE OF THE ATOM 
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a major advance 


oo 
in expansion joint design ge 


New Zallea Self Equalizing Expansion Joints 
offer four important advantages. Years of 
continuous research have resulted in a new 
Self Equalizing Expansion Joint that lasts 
longer, is substantially shorter, one-third 
lighter, and has greater stability. 


Longer life. Hundreds of cycling tests to 
destruction prove that you can expect as 
much as 100% longer life from the new 
Zallea Self Equalizing Expansion Joint. 


Lighter weight. Weight of the expansion joint 
has been reduced as much as one-third. 
Handling and installation are easier. 





Shorter length. Over-all length has been 
reduced as much as 30%. 


Greater stability. Reduction in ratio of length 
to diameter means higher stability at high 
test pressures—no need to support the 
expansion joint to prevent buckling during test. 


Sizes and traverses. Sizes range from 3” 
diameter to 72’’ diameter, for traverses up 
to 7's" in a single unit or 15” in a double unit. 


Working pressures. Although normally intended 
for 150 and 300 psig working pressures, 

Self Equalizing Expansion Joints can be 
designed for higher pressures. 


Service. The Self Equalizing Expansion Joint 
is ideal for applications in long lines when 
there is considerable axial expansion and 
infrequent movement . . . such as district 
heating lines which seldom cool down 
during the heating season. 


Get the complete story of the new Zallea 

Self Equalizing Expansion Joint in our newly 
published 72-page Zallea Expansion Joint 
Manual. Write today, on your Company 
letterhead, for your copy of Catalog 56. 
Zallea Brothers, 879 Locust Street, 
Wilmington 99, Delaware. 





Zallea Brothers, Wilmington 99, Delaware « World’s largest manufacturer of expansion joints 
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New Ray Stoppers 


NATIONAL LEAD REPORTS RECENT DEVELOPMENTS IN LEAD SHIELDING 








INGENIOUS NEW FORMS STEP UP 
LEAD BRICK SHIELDING UTILITY 





For years lead brick has been widely used for movable 
shielding. Now, this low-cost, highly efficient material 


has even greater versatility. 


Specially shaped bricks form 
circular walls without mortar 


\. / 


New, specially shaped National Lead 
brick lay without mortar in tight 
circular ares. Inner surfaces may be 
contoured to the are or its chord. 
Brick ends are developed on the are 
radius (See diagram). 


First “service” station for submarine reactors . . . 
made with curved National Lead brick. 
Normally, as in the transition shield 
for submarine reactors shown, the 
brick is specially designed for special 
applications. It also finds use, how- 
ever, to provide protection from wide 
angle sources. 


New 400% harder brick resists 
dents, nicks 
Damage from ordinary wear and tear 
is greatly reduced by a new National 
Lead brick, “Hi-Hard’’. “Hi-Hard” 
is some 400% harder (19 Brinell) than 
ordinary lead brick, resists the nicks, 














Hi-Hard 


Standard 


dents, and mashed corners that force 
premature scrapping of “‘soft”’ brick. 
The hardness is gained at slight ex- 
pense in density (only 1.8%). 
Extrusion insures uniform density, 
aids cross-section predictability 


No internal holes, no surface “pockets” in National 
Lead extruded brick. 


Adequacy of shielding depends on a 











Isotope shipping container 


Lead-filled steel jackets 
shield these new devices. 


NEW VOID-FREE CASTING BOOSTS 
USE OF LEAD-FILLED JACKETS 


Recent National Lead improvements 
in lead casting methods are leading to 
much wider use of lead-filled steel 
jackets for shielding containers and 
process vessels. With integrated jack- 
ets these devices are more compact, 
easier and less costly to decontami- 
nate. The new process assures a void- 
free, uniform density filling. 





predictable, uniform 4 
density of shieldant 
as well as a predictable I 
low impurity content. 
National Lead is pro- 
ducing extruded brick 
that provides both. 


Extrusion prevents 
cavity formation with- 
in the brick. It also 
eliminates preferential 
solidification and sur- 
face “pockets” in which 
impurities might 
lodge.Extrusionassures 
uniform maximum den- 
sity; smooth, clean sur- 
face and profile; easier 
decontamination. 


MASS ABSORPTION COEFFICIENT -cm*®/grom 





> 
EFFECTIVENESS OF VARIOUS SHIELDING MATERIALS 


PHOTON ABSORPTION 
AS A FUNCTION OF ENERGY 
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GAMMA RAY ENERGY-M.EV. 


NATIONAL LEAD SHIELDING, nationat Leap coMPANY, cenerat Omces: 111 Broadway, NewYork 6 
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a. 
Decontaminate “hot” clothing with 


[he American Laundry Machinery Company has developed a wide 
range of automatically controlled, labor-saving equipment particularly 
suited for the decontamination and washing of work clothing exposed 

radioactive and toxic materials. 

A special department has been created by American to provide 
nuclear plants with modern, efficient decontamination and laundry Th wo id’ 

“ip a eee, e worlds largest 
facilities. A complete survey engineering and planning service is avail- g 
able without obligation. American’s engineers will prepare detailed manufacturer of 
drawings, floor plan layouts and complete specifications for each 
installation. 

In addition, American’s expert assistance is always nearby. Indi- laundry and 


vidual representatives, service engineers, local offices and repair parts 


lepots are strategically located in 84 communities across the country. dry cleaning equipment 


NOW. 


supplying clothing 


decontamination 








equipment for atemic 
energy installations 


For complete information on how Ameri- 
can serves the atomic energy field, send 
for Bulletin No. 2642. 


Photo of deccontamination-laundry installation 
courtesy of The Atomizer, National Lead Com- 
pany of Ohio, contract operator, the AEC Feed 
Materials Production Center, Fernald, Ohio 








THE AMERICAN LAUNDRY MACHINERY COMPANY, CINCINNATI 12, OHIO 


O 


You can expect more AOL: ‘epi —ig Loria! 
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By supporting development of the sodium-cooled deuterium- 
moderated type reactor (SDR), the USAEC and NDA are pursu- 
ing the ultimate and eventual objective of producing economi- 
cally competitive nuclear power reactors coupled to conventional 
high temperature turbo generators and natural uranium fuel 
requiring no chemical reprocessing. 

High Temperature * Natural Uranium + No Reprocessing 
SDR (prototype) is being designed for construction and test 
operation as a 10,000 KW electric power plant to be installed in 
the Chugach Electric Association (CEA) system at Anchorage, 
Alaska, by 1962. 

Initial design and development work at NDA scheduled for 
completion in 1958 — including experiments to be conducted at 
NDA‘s Nuelear Experimental Station at Pawling, New York — 
will begin to demonstrate the prospects for SDR during the 
1960°s and beyond in a wide variety of sizes, applications and 
locations. 








SDR 


NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


White Plains, N. Y. 
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ROUNDUP 


Made fatter than usual by inclu- 
sion of a 153-page review of radia- 
tion safety in atomic energy activi- 
ties, the AEC’s 21st semiannual re- 
port, published at month’s end, also 
contained a number of significant 
disclosures in the reactor field. 

@ Construction has begun at Wind- 
sor, Conn., on the prototype small 
submarine reactor that Combustion 
Engineering is developing for the 
Navy. 

® During contract negotiations with 
Consumers Power of Nebraska on 
the 75-Mw sodium graphite reactor 
see p. R2), the proposal was al- 
te +‘ to prov ide for AEC ownership 
of “a part of the plant”—presum- 
ably the reactor. 

@ The steel containers that will 
house the PWR reactor and other 
nuclear components passed their 
pneumatic tests. 

® LAMPRE—the Los Alamos Mol- 
ten Plutonium Reactor Experiment 
NU, Feb. ’56, 14)—has grown to a 
three-stage project. LAMPRE-1 is 
now under development and “may 
possibly” be tested for operational 
characteristics by about January 
1958. IE it’s successful, the 1-Mw 
(heat) experiment will be de- 
veloped on a larger scale in the 10- 
Mw (heat) LAMPRE-2. These 
two non-power reactors would serve 
as engineering guides to design of a 
larger reactor, LAMPRE-3, capable 
of producing ge 15 Mw of 
electricity. AEC adds cautiously: 
“Because of the health precautions 
required in experimenting with mol- 
ten plutonium, progress in this pro- 
gram is not expected to be rapid.” 
® LAPRE-1, on the other hand, has 
come a cropper. The gold-lined, 
uranyl phosphate fueled homo- 
geneous experiment “went critical 
for very short periods the last of 
October (1956). Heat-exchanger 
leaks forced a shutdown. After 
considerable study and evaluation, 
it was decided to abandon the ex- 
periment.” 

® Studebaker-Packard Corp. and 
Ford Instrument Co. have turned in 
to AEC a final report on their study 
of gas-cooled reactors, their poten- 
tial economics and the avis and 
development work left to be done. 
® Preliminary results of Argonne’s 
research program on fuel reprocess- 


Vol. 15, No. 2 - February, 1957 











Reactor Progress Cited in AEC Report 


ing by fluoride volatility “appear 
promising.” The process involves 
dissolving uranium in molten fluo- 
rides and then generating UF. which 
volatilizes readily. Fewer steps are 
required than in conventional sol- 
vent extraction, and for certain fuels 
the process appears more attractive 
economically than aqueous methods. 
®@ Atomics International will build a 
pilot plant to test its pyrometallurgi- 
cal process, intended for use with 
sodium graphite reactors. 

® Gas-cooled loops, to screen and 
test components considered for use 
in the Gas-Cooled Reactor Experi- 
ment, will be installed in the Bat- 
telle pool, the ETR, and at ORNL. 
®@ Gilbert Associates, Inc., is work- 
ing on design of a 20-Mw power 
plant for construction overseas. 

® Raytheon Corp. is doing a con- 
ceptual design of a liquid-metal-fuel 
package reactor, to be finished early 
this year. 


of Key Developments in Atomic Energy 


Unions Lose Round 1 
In PRDC Hearing 


The three labor unions fighting 
the construction permit granted by 
AEC to the proposed Detroit fast 
breeder lost the Rest round in hear- 
ings being held in Washington on 
their grievances. 

This came about when Hearing 
Examiner Jay A. Kyle overruled 
union objections to testimony by the 
Power Reactor Development Co. in 
defense of the safety of the project 
-testimony which the unions had 
labeled as, among other things, “in- 
competent opinion,” “hearsay,” and 
“immaterial.” 

After a day and a half of legal 
sparring Jan. 28-29, Kyle threw 
down the unions’ blanket objection 
to the testimony in its entirety, and 
overruled 56 of 61 specific ‘objec- 
tions, sustaining the remaining five 
only in part. 

Next stage in the hearings will be 
cross-examination of the PRDC wit- 


Carolinas-Virginia group in duce study 
The technical committee of Carolinas-Virginia Nuclear Power 


Associates Inc. 


new design concepts in power reactors. 


will convene Feb. 20 at Charlotte, N. C. to study 


It will discuss questions 


of site, size and power level, cost, etc.; meet with manufacturers of 


nuclear equipment; 


committee 


and name a reactor consultant. 
Webster has already been named engineering consultant. 
also plans an early spring visit to Shippingport. 


Stone & 
The 


CVNPA was set up in October by four big utilities of the tri-state 
area to bring nuclear power to the South Atlantic seaboard. 


Spain buying second research reactor, from Al 
Spain is buying a 500-watt water boiler from Atomics Interna- 
tional (NAA), José M. Otero, general manager of the Spanish 


AEC, has informed NvcLeEonics. 


Madrid had previously pur- 


chased a General Electric pool-type unit. 


AMF Atomics lands reactor job for Greece 
The Greek government has awarded AMF Atomics Inc. a con- 
tract for design and construction of a 1-Mw pool-type research re- 


actor. 


reactor is to start operation in spring of 1958. 


Construction is scheduled to begin in October, and the 


It will be installed 


at a large new Greek national atomic energy laboratory and train- 
ing center in the suburbs of Athens that will be named after 
Democritus, who in the 5th century B.C. propounded the first 


theory of atomic structure and gave the atom its name. 


Signing 


the contract for Greece was naval war hero Adm. A. G. Spanides, 
chairman of the Greek AEC. A number of Greek engineers are 
coming shortly to live in Greenwich, Conn., to receive fundamental 
training at AMF’s nuclear engineering laboratory there. 
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nesses, re-direct examination, and 
re-cross examination, scheduled to 
begin March 4. These phases may 


take weeks. 


PRDC Testimony 


At the first oral hearing on Jan. 8, 
PRDC submitted 321 pages of sworn 
narrative testimony by six witnesses. 
Ernest R. Acker, chairman of the 
financial committee of PRDC, testi- 
fied on the financial qualifications 


berry, acting director of Argonne 
National Laboratory; W. Kenneth 
Davis, director of reactor develop- 
ment at AEC; Walter J. McCarthy, 
r., head of nuclear engineering at 
APDA, and Alfred Amorosi, APDA’s 
technical director. 

Prof. Bethe, after explaining the 
importance of breeders to the future 
in terms of energy reserves, detailed 
the reasons why fast reactors in 
general and the PRDC design in 
particular are safe. He declared 
that the instabilities in EBR-1 that 
led to its meltdown could not occur 


of the group to build the Fermi re- 
actor; 
safety of its design—and in so doing 
ve a complete picture of the state 
of fast breeder technology in the 
U. S. today. 
Bethe, Cornell physics professor and 
a consultant to APDA; Norman Hil- 


in the Fermi reactor. 
ve experts dealt with the 


woul 


They were Hans A. 





signed an 


Ground-breaking ceremony at Bradwell 


On January 21, Lord Citrine, chairman of Britain’s Central Elec- 
tricity Authority, broke ground at Bradwell-on-Sea for the first 
commercial nuclear power station in the U. K. (NU, Jan. ’57, R5). 
Nuclear Power Plant Co. will build the 300-Mw plant. 


Joint Committee ‘202 hearings’ start Feb. 19 


The section 202 hearings required by the 1954 Act to be held 
by the Joint Committee on Atomic Energy on the “development, 
growth and state of the atomic energy industry” will begin Tues- 
day, Feb. 19, and continue Feb. 20, 21, 26, 27, 28, provided the 
number of witnesses warrants. AEC representatives will lead off, 
and be. followed by industry and other interested witnesses. 
Stressing the importance JCAE attaches to the hearings, Chairman 
Carl Durham issued a call to all wishing to be heard to present 
their comments before the Committee on this occasion. 


Japanese mission picks Calder type 


Ichiro Ishikawa, a member of Japan’s AEC and leader of a study 
mission that visited Britain last fall, has advised his colleagues to 
buy a Calder Hall type reactor in Britain. Final decision on 
whether to buy the country’s first power reactor in Britain or the 
U, S. rests with the Japanese AEC, which is still divided. The 
issue is not so much the relative merits of U. S. or U. K. reactors, 
but whether Japan-need start producing nuclear electricity as soon 
as possible to meet the power shortage, or would be wiser to buy 
a smaller, more advanced U. S. type, use the rest for research. 


Nebraska Consumers orders turbine generator for Hallam 


Sealed bids will be opened Feb. 26 in Columbus, Neb., by Con- 
sumers Public Power District on a 100-Mw hydrogen-cooled tur- 
bine generator for a new steam power plant to be completed just 
north of Hallam by spring 1960. The unit will be bought and in- 
stalled in such a manner that it can produce power from either a 
conventional boiler or the sodium-graphite reactor planned for the 
Hallam plant. CPPD and AEC are still negotiating a contract for 
that reactor, a first-round demonstration program proposal, and 
CPPD says AEC has said the contract agreements should be com- 
pleted by mid-March. Atomics International will build the 75-Mw 
reactor, a scale-up of the 7.5-Mw SRE. 


Hilberry described five programs 
of supporting research that, he said, 
y “provide confirmation of the 
assurance which I believe we already 
have that a fast breeder reactor of 


the type proposed can be so de- 
i constructed that it can 





be operated in a populated area 
without undue risk.” These are: 

© EBR-I—‘The results of this experi- 
ment indicate that in the process of 
a meltdown . . . the core tends to 
disassemble itself, reducing the re- 
activity and power level and acting 
as an added and automatic safety 
device... The p EBR-1 
program using the Mark-3 core will 
demonstrate that the positive tem- 


perature coefficient and probabl 
the observed instability at cool- 
ant flow rates were due to bowing 


of the fuel elements and to series 
coolant flow or a combination of 
these factors. If this is so, these 
undesirable characteristics . . . will 
be eliminated by the design pres- 
ently p Ma 
® Joint Argonne-Los Alamos pro- 

am—Argonne plans a “meltdown 
acility” to determine precisely the 
mechanics of meltdown phenomena 
for specific types of fuel elements; 
LASL will aid with instrumentation. 
© ZPR-3—In operation since October 
1955, this fast zero-power reactor is 
providing data for improvement of 
the precision and reli bility of fast- 
reactor calculations, and will also 
make detailed studies of the physics 
of EBR-2 and the PRDC reactor. 
© EBR-2—“The extensive r-&-d work 
being done with EBR-2, and the 
experience obtained in its start-up 
and operation prior to scheduled 
loading of the core in the PRDC re- 
actor, will .. . confirm that this 
reactor can be operated safely.” 
© General reactor engineering work 
—Argonne has been testing proto- 
type fuel elements for EBR-2 for 
six months in the MTR; this, and 
other Argonne studies on thermal, 
corrosion and irradiation behavior 
of fuel materials is directly relevant 
to the PRDC reactor design. 

Davis summarized AEC experi- 


mental pro: concerning fast re- 
actors and the technical advantages 
of this He declared that 


stability problems had been over- 
emphasized by the EBR-1 incident 
which “occurred during an experi- 
ment in which extremely abnormal 
ting conditions were simuv- 
lated,” but that actually EBR-1 had 
previously operated normally and 
aor instab for a longer 
period than any other reactor except 
the Submarine Thermal haber. 
Additional information on fast re- 
actor behavior will be coming from 
Britain’s Dounreay reactor, sched- 
uled to go critical in mid-1958. 
McCarthy reviewed the work be- 
ing done by APDA to fill in re- 
quired technical information in the 
PRDC license application. These 
concern reactor stability, meltdown 
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ossibilities, and preoperational test- 
ng and start-up procedure. Addi- 

mal work in these fields is being 
lone for APDA under contract by 
NDA, Allis-Chalmers, Franklin In- 
titute and Michigan U. The unv- 
sual flexibility of the PRDC design 
vill permit adequate modification if 
this appears necessary, even after 
installation of major components, he 
said; thus all the results of research 
snd experience gained up to the 
time of operation of PRDC can be 
applied to it. 

Amorosi dealt primarily with the 
mechanical and metallurgical aspects 
f the PRDC reactor’s operation, 
such as problems arising from the 
ise of sodium as coolant (for ex- 
ample, sodium corrosion, sodium- 
water or sodium-air reactions) ; prob- 
lems of irradiation in the core; 
eer nang sete such as proper 
operation of remote handling mech- 
anisms. Tests in this field are being 
done for APDA by General Electric, 
Babcock & Wilcox, Westinghouse, 
Nuclear Metals Inc., AMF, Allis- 
Chalmers. Amorosi also described 
the year-long component test pro- 
gram APDA will carry out on com- 
pletion of the outside tests. The 
component testing will be done on 
site, and will prove the reactor’s 
mechanical operation and sodium 
integrity. 


Unions’ Reply 

The intervening unions came back 
with a blanket objection to PRDC’s 
mountain of evidence on the ground 
that Hearing Examiner Kyle had no 
right to accept written in place of 
oral testimony without the consent 
of the unions to this procedure. 

They also filed 67 specific objec- 
tions to passages in the six witnesses’ 
testimony, the bulk of them on the 
ground that the witnesses assume 
studies and experiments to be made 
in the future are going to yield satis- 
factory results. “Programs devised 
to find solutions are not tantamount 
to solutions,” the union lawyers 
chided; and again, “This is incom- 
petent opinion testimony based on 
assumptions that future experiments 
will be successful and that all prob- 
lems will be solved even if the ex- 
periments are not successful. This 
supreme confidence is highly en- 
couraging but, to be admissible, ex- 
pert opinion must consist of some- 


thing more than hope.” 


Access to Data 

Meantime the union lawyers were 
also carrying on a running battle 
with AEC over access to data. They 
asked access without security re- 
strictions to 74 documents they said 
were relevant to the proceeding, to 
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Enrico Fermi reactor advancing: on site . . . 
Foundations for the Detroit fast breeder reactor building are already half com- 


pleted at Lagoona Beach, Mich. 


Steel and concrete are rising from the 87-ft-dia 


pit bottom; excavation is 56 ft deep, extending 20 ft down into underlying rock. 
Temporary construction sheds are seen at top left 


. and in shop 
Middle section of reac- 
tor vessel has welds 
ground on its support- 
ing ribs in Chatta- 
nooga shops of Com- 


bustion Engineering 
Inc. All internal sur- 
faces of $1-million 
stainless steel vessel 
will be polished to 
mirror-like finish. This 
section represents 


about % of total 35-ft 
height of vessel 


which PRDC and APDA have had 
access—unlike the union lawyers all 
but one of whom are uncleared. 
The unions contended that the re- 
ports sought were restricted in spite 
of the fact they related only to 
civilian applications of atomic energy 
and had no relationship to national 
defense considerations; that the data 
had been made available by AEC 
to thousands of persons, to “invest- 
ment companies, stock brokers, col- 
leges, professors, public relations 
firms, publishing houses, labor 
unions, newspapers,” without regard 
to the “need to know” principle on 
which all other government security 
programs are founded. 


Meanwhile: Progress 
While the words flowed in Wash- 
ington, concrete and steel were tak- 











ing shape at the Fermi plant site 


and in contractors’ shops. Excava- 
tion has been completed (see photo), 
and half the foundation work has 
been done at the 91]5-acre site. 
Erection of the gas-tight, steel- 
domed reactor building is to start 
March 1 and to be completed in 
August. Some 1,500 tons of steel 
will be used for the 120-ft high 
building (half whose height will be 
underground), internal shielding and 
equipment supports. A 4-mile long 
railroad siding to haul equipment is 
being built. 

Non-nuclear testing of reactor 
components will be started by 
APDA in the reactor building in 
June, 1958. If these are satisfac- 
tory, very low power nuclear testing 
will be conducted from December, 
1959 to December, 1960 


R3 








ose ee ee 


AEC’s Fiscal '58 Budget 
Up 24% Over This Year 


The rapid expansion of this coun- 
try’s nuclear energy program 
emphasized by the fact pw the ins 
ernment’s 1958 expenditures will be 
56.4% greater than those for 1956. 
The total net costs of the U. S. 
atomic program for next year, esti- 
mated at $2.2-billion, are 24% 
greater than outlays for the current 
year. 

The program outlined by Presi- 
dent Eisenhower in his budget calls 
for increased expenditures in virtu- 
ally every category. But the up- 
ward trend reflects mainly the in- 
creased procurement of raw mate- 
rials and expanded production of 
nuclear weapons. Other significant 
increases are scheduled for the civil- 
ian power reactor program, training 
and education (almost doubled), 
and in research other than for reac- 
tors. 

In spelling out his atomic program, 
the President had a good deal to 
say about the civilian power reac- 
tor program—in almost the identi- 
cal words used by AEC chairman 
Lewis L. Strauss when he called for 
a stepped-up power reactor program 
last December. 

Although the President promised 
more aid to industry and pointed out 
that he has not requested funds for 
government construction of large- 
scale reactors, he warned: 

“If acceptable proposals for non- 
Federal construction of promising 
reactor types” do not materialize 
soon, he will ask Congress for funds 
so the government can do the job. 

The President also made these 
points: 
¢ The Administration again will pro- 
pose legislation to authorize the gov- 
ernment to provide liability insur- 
ance for nuclear projects to supple- 
ment insurance from private sources. 
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Budget Breakdown Shows Many Increases 


Program 1956 Actual 1957 Estimate 1958 Estimate 
Raw materials $281,045,954 $406,663,000 $599,000,000 
Special nuclear materials 553,093,012 603,476,000 594,253,000 
Weapons 257,402,452 312,290,000 452,346,000 
Reactor development 171,229,943 281,713,000 349,200,000 
Physical research 49,498,523 63,713,000 71,000,000 
Biology & medicine 28,371,523 31,598,000 86,000,000 
Training, education & 
information 4,651,401 8,827,000 17,500,000 
Communities 18,770,846 18,067,000 16,515,000 
Program direction & 
administration 35,312,925 38,298,000 44,614,000 
Security investigations 7,525,572 8,916,000 8,772,000 
Other costs 6,328,155 7,535,000 4,861,000 
Total costs 1,413,230,306 1,781,096,000 2,194,061,000 
Revenues applied —29,085,321 —36,137,000 — 29,819,000 
Net costs 1,384,144,985 1,744,959,000 2,164,242 000 





(Sen. Clinton P. Anderson and Rep. 
Melvin Price already have intro- 
duced such legislation this session. 
This is the same legislation the Ad- 
ministration supported last year.) 
* More resources will be applied to 
the long-term effort to develop ther- 
monuclear power reactors. 

* Increased research is planned on 
such problems as reactor safety, ra- 
dioactive waste disposal, and bio- 
logical effects of radiation. 

*Under AEC’s civilian reactor 
power program, the Commission will 
operate seven reactor experiments 
in 1957, will add another two in 
1958. 

* The military reactor program will 
see continuation of efforts to develop 
reactors, among other things, for 
propulsion of submarines, surface 
combatant ships, aircraft, missiles. 
* Budgetary provision has been 
made to step up teacher training in 
nuclear technology and to help al- 
leviate the shortage of nuclear sci- 
entists and engineers. 

* There is provision for establish- 
ment of training centers here. and 
abroad, equipment grants, and other 
technical assistance to help other na- 





All Reactor Program Costs Up 





1956 


1957 


1958 
Actual Estimate Estimate 
Civilian power reactors $42,267,127 $59,600,000 $95,000,000 
Commercial ship reactors 57,945 8,300,000 8,300,000 
Army pane power reactors 924,763 3,300,000 5,600,000 
Naval propulsion 40,821,589 70,750,000 84,000,000 
ponte! propulsion 49,604,202 89,550,000 91,000,000 
rational services, 
and all other 37,554,317 55,213,000 70,300,000 
Total reactor development 171,229,943 281,713,000 349,200,000 





R4 


tions develop their own atomic en- 
ergy programs. 

* Substantial additional tonnages of 
uranium ores and concentrates will 
be obtained from U. S. producers 
and from Canada in 1958, with 
minor increases from other foreign 
sources. 

¢ Expanded production facilities will 
be in operation, and production of 
weapons and the number of scientific 
and technical personnel employed 
in developing them will increase. 


EEI Task Force Names 5 
As Technical Appraisers 


Edison Electric Institute has 
named five prominent scientists to 
its technical appraisal task force on 
nuclear power. They are Robert F. 
Bacher of Caltech, Marion W. Boyer 
of Esso Standard, Augustus B. 
Kinzel of Union Carbide & Carbon, 
Henry D. Smyth of Princeton U., 
and Harry A. Winne of General 
Electric. Bacher and Smyth are 
former AEC commissioners, Boyer a 
former AEC general manager. 


Alco Licenses U. K. Firm 
To Sell Its Reactors 


Alco Products Inc. announced 
that it had licensed Humphreys & 
Glasgow Ltd. of Britain to sell Alco 
10-Mw pressurized water reactors. 
The British engineer-constructor 
firm announced it was placing the 
plant on the market “for sale off the 
shelf’ at about $5.6-million. The 
reactor, with five times the output 
of the Alco-built APPR, will use 
“moderately enriched uranium” for 
fuel, will take two to three years to 
build. Humphreys & Glasgow gets 
all selling rights outside North 
America under the agreement, first 
of its kind by a U. S. firm. 
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Nautilus Nearing 60,000 
Miles, First Refueling 


After two years and more than 
55,000 miles, Nautilus is to be re- 
fueled. The Navy's Bureau of Ships 

nounced the pioneer nuclear-pro- 

lled craft would have her first 
ranium core—with which she 
steamed to sea on Jan. 17, 1955, 
first vessel “under way on nuclear 
ower"—removed this spring and a 

w core installed. The old core 
vill be sent to the National Reactor 
[esting Station in Idaho for exami- 
nation to determine how much fur- 
ther it could have driven the sub, 
nd to reclaim unconsumed uranium. 
Nautilus could have sailed further 
n her original core, but at progres- 
sively reduced efficiency. The re- 
fueling will be carried out at the 
Groton, Conn., yards of Electric 
Boat division of General Dynamics 
Corp. where Nautilus was built. It 
s understood some of her hull plates 
will have to be cut away to permit 
removal and replacement of the 
core; her designers deliberately chose 
to send her to sea a year earlier 
rather than complicate her design to 
provide for a refueling hatch; later 
nuclear subs will have such a hatch. 

If Nautilus completes 60,000 miles 
logged with her first core, she will 
have emulated her famous if ficti- 
tious namesake of Jules Verne’s 
imagination in yet another way: 
since 3 mi = 1 league, she will have 
steamed “twenty thousand leagues” 

if only half of them under the sea. 


AEC License Situation 


Construction permits granted: 
AMF Atomics, for a 5-Mw pool for 
Industrial Laboratories, Inc., Plains- 
boro, N. J., 1/22/57 

Aerojet-General 
three AGN-201 
2/1/57 

Export licenses issued: Babcock 
& Wilcox, for a 5-Mw pool-type re- 
search reactor for the Conselho 
Nacional de Pesquisas do Brasil for 
operation by the University of Sao 
Paolo, Brazil, 1/22/57 

AMF Atomics, Inc., for a 10-kw 
pool-type research reactor for the 
Netherlands Ministry of Education, 
to be erected at the International 
Exhibition “Het Atoom” in Amster- 
dam under the auspices of the Delft 
Institute of Technology, 2/1/57 

Applications received: Ordnance 
Materials Research Office, Water- 
town Arsenal, Watertown, Mass., for 
a 1-Mw swimming pool, 1/15/57 

Babcock & Wilcox, to export a 5- 
Mw pool to Kernenergie Hamburg 
(Society for Utilization of Nuclear 
Energy in Shipbuilding), 2/1/57 
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. « « onthe stocks ... 


Visual evidence of the Navy's statement that it has built its last non-atomic- 
powered submarine is this view of three nuclear subs on the building ways at 
General Dynamics Corp.'s Electric Boat division, Groton, Conn. First released 
photo of the atomic trio shows (I to r) Skipjack, Skate, and Triton. Skipjack, 
with her Albacore-type hull and nuclear power plant, will be world's fastest sub 
(NU, Nov. "56, R9); Triton, twin-reactor radar picket station, will be world's 
largest. Skate, third A-sub, will be launched this spring. Spoke-like structures 
in Skipjack and Triton are temporary supports of prefabricated hull sections 





. . . and at sea 


The world's first two nuclear-propelled craft, Seawolf (foreground) and Nautilus, 
steam into Long Island Sound from their Groton, Conn., building yard and home 
base as Seawolf starts her maiden voyage. In addition to the five A-subs pictured 
on this page, four others ore on the stocks: Swordfish and Seadragon at Portsmouth, 
N. H., navy yard, and Sargo and Halibut at Mare Island, Calif., navy yard 


Seawolf goes to sea 

The Navy’s second nuclear submarine Seawolf, long plagued by 
corrosion trouble in her liquid sodium cooling system, finally left 
the fitting-out dock at Groton, Conn., where she had lain since her 
launching July 21, 1955. Accompanied by Nautilus (see photo), 
she set out for the deep at 6:57 a.m. Jan. 21, returning at 5 p.m. on 
the 22nd after having submerged during the 34-hour first run; on 
the 24th she sailed again for another 14-day trial. Regular build- 
ers’ trials will be conducted intermittently for several weeks, Elec- 
tric Boat division of General Dynamics Corp. said. A spokesman 
described the first tests as having “progressed satisfactorily.” The 
3,260-ton sub is not only bigger but was to have been faster than 
the water-cooled Nautilus, but the Navy is silent on how much her 
efficiency is lowered by having her superheater bypassed and feed- 
ing saturated steam to her turbines designed for dry steam. 
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Industry Picks Obstacles: 
‘No Profits’ Easy Winner 


Lack of economic incentive, in- 
adequate insurance protection, and 
government secrecy policies are con- 
sidered the three main factors limit- 
ing the development of the peaceful 
atom. 

This was the result of an opinion 
poll of U. S. atomic industry carried 
out by the Atomic Industrial Forum, 
40% of whose organization members 
(167 of 427) responded to the 
questionnaire. Fourteen manage- 
ments said no obstacles exist; four 
had no opinion, and 149 found one 
or more limiting factors. 

Fifty-four mentioned lack of 
economic incentive, 38 lack of in- 
surance protection, and 33 secrecy 
and classification. In reporting the 
poll, the Forum took account of both 
the frequency of mention and the 
comparative importance assigned it 
(3 points being assigned to “most 
important obstacle,” 2 points for 
“second most important obstacle,” 
and 1 point for all others cited). 
On this weighted basis, lack of in- 
centive scored 141, insurance 78, 
secrecy 71, lack of trained man- 
power 70, government administra- 
tive policies and practices other than 
secrecy 67, lack of operating ex- 
perience 52, high capital costs 45, 
effect of public-vs-private-power 
controversy 36, limitations of the 
1954 Atomic Energy Act 25, need 
for better materials 21. Other ob- 
stacles were lack of capital 18, need 
for increased industrial initiative 17, 
lack of standardization 14, waste dis- 
posal problems 13, need for addi- 
tional safety data 13, need for addi- 
tional research data 12, lack or in- 
adequacy of facilities 10, need for 
better public education 9. 

Of the respondents, 43% were 
manufacturers, 14%  construction- 
engineering firms, 13% utilities; the 
remaining 30% included insurance, 
law, and mining firms, consultant, 
financial, and labor organizations, 
research laboratories and univer- 
sities. 

Noteworthy appeared to be the 
relatively low scores on lack of man- 
power, need for better materials, 
waste disposal, and need for addi- 
tional safety and research data. 
AEC secrecy practices are ap- 
parently still a problem; however, it 
must be borne in mind that the 
effects of the new declassification 
guide (NU, Jan. ’57, R2) could not 
yet have made themselves felt. 
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Holyoke May Appeal to AEC on Gas Reactor Rejection 


Holyoke (Mass.) Gas & Electric 
Dept. and the Ford Instrument Co. 
are discussing the desirability of an 
appeal against AEC’s rejection of 

eir proposal, made in the second 
round of AEC’s power demonstra- 
tion reactor program, to build a 15- 
Mw closed-cycle gas-cooled reactor 

lant. The appeal would have to 

made to the Commission, but 
General Manager Fields is said to 
have promised it would get every 
consideration if made. 

The municipal utility in a letter 
to Fields took exception to the stated 
reason for rejection, namely that 
“the proposed reactor system is pre- 
mature use the basic feasibility 
of the concept has not been demon- 
strated.” Wrote the Gas & Electric 
Dept.: “It was our understanding 
when the second round demonstra- 
tion program was first announced 
that AEC would look with greatest 
favor on proposals contemplating 
the construction of plants of ad- 
vanced design. This seemed to be 
in line with AEC’s basic policy of 
fostering the rapid development of 
the nuclear art. Our understanding 
that the advanced nature of the gas- 
cooled reactor was an asset rather 
than a detriment to our proposal 
was enhanced by the fact that. . . 
none of the 25 questions formally 
presented to the proposers by the 
AEC selection board contained an 
reference to the criterion upon whi 
our proposal was finally rejected. 
abe Poet] were addressed to the 
financial rather than the technical 

of the proposal. We were, 
re og pt. aeehed at the 
reason advanced for the rejection of 
our proposal which seemed to be in- 





consistent not only with the attitude 
of AEC personnel throughout our 
negotiations but also with the basic 
purposes of the reactor demonstra- 


tion pro . 

Holyoke officials told Nucue- 
onics the new third round is s0 
drafted as to preclude any partici. 
pation by them, because the 1962 
target date, originally Holyoke’s tar- 
get date, is now unattainable; and 
because by ruling out financial aid 
on construction of any part of the 
reactor AEC is allegedly barring all 
municipal utilities, which have no 
risk capital to invest. 

AEC had nothing to say officially 
when asked for comment on its 
position regarding demonstrated 
technical feasibility. [One of the 
announced criteria for the program 
had been “Probable contribution of 
the proposed project toward achiev- 
ing economically competitive power 
in a plant of the size proposed. AEC 
will take into sedi alien the tech- 
nological advancement represented 
by the proposed design.” At least 
one proposal accepted, the Chugach 
NDA sodium-deuterium reactor, is 
as advanced and unproved a con- 
cept as the closed-cycle gas-cooled 
design. ] ; 

Unofficially, however, AEC indi 
cated it weighed designs on a scak 
ranging from pressurized water 
well advanced and well established, 
through homogeneous—about in the 
middle, to LMFR, Chugach, and 
molten plutonium—the ultimate in 
uncertainty. Heavy weighting is 
also given AEC’s opinion of th 
technical, as well as financial, abilit 
of the proponents to carry out thei 
proposals. 


AEC Invites Third Round of Power Proposals 


AEC formally called for proposals 
in a third round of the power dem- 
onstration reactor program forecast 
a month earlier by chairman Lewis 
L. Strauss. On that occasion Strauss 
apparently reversed his earlier stand 

at acceleration of the nation’s 
civilian power reactor program was 
not ee. by outlining an eight- 
point acceleration program (NU, 
Jan. °57, Rl). Six of the eight 
points dealt with the terms of the 
third round demonstration program; 
all six points are included in the in- 
vitation issued by AEC. 

While the invitation gives specific 
priority to proposals for natural- 
uranium—heavy-water reactors and 
fluid-fuel systems, it adds that pro- 
posals need not be limited to ” ane 
types but “may represent promising 





new reactor concepts; particular!) 
favorable application or combination 
of applications of the energy from 
the proposed design; or extensions 
or modifications of designs for cur 
rently active projects.” 

In one significant respect the in- 
vitation is narrower than the first 
two: AEC aid will be limited to re- 
search and development, and pro- 
posers will be required to ew 
all construction funds. Under the 
first two rounds AEC offered to fi 
nance all or part of the nuclear por- 
tion of the plants proposed, retaining 
title to the parts it financed. The 
new stricture was promptly attacked 
by the American Public Power Assn. 
as discriminatively ruling out pub- 
licly and cooperatively-owned utili- 
ties from making proposals. 
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Britain Expands Nuclear Power Program 


By 1965, Old: 
Britain will have: 
Nuclear stations 
Cost (millions) 
Generating capacity (Mw) 
Coal equivalent (million tons) 








White Paper plan New: revised plan 


(Feb. 1955) (Jan. 1957) 
12 16-19 
$840 $1,680-1,960 
1,000-—2,000 6,000-7,500 
4-5 16-20 


This is the gist of expansion of nuclear power program expected to be an- 
nounced, as this issue went to press, by Sir Percy Mills, Britain's new Minister of 
Power. Government reportedly approved expansion prior to recent Cabinet 
changes. Such expansion would mean that by 1975 installed nuclear generating 
capacity in Britain should amount to 40,000-65,000 Mw, the equivalent of 


100—150-million tons of coal a year 





Reactor Risk Rates to be Custom Tailored 


An advance glimpse of what a 
reactor risk insurance policy will 
'.ok like was given last month to 
200 members of the Atomic In- 
dustrial Forum at a meeting on the 
nsurance problem. 

Charles J. Haugh, vice-president 
of Travelers Indemnity Co. and 
head of the Nuclear Energy Lia- 
bility Insurance Assn., a syndicate 
of 185 stock insurance companies, 
said the policy has just been com- 
pleted alter months of work. It 
will provide up to $50-million lia- 
bility coverage for a reactor. Two 
ther pools are completing work on 
their policies: the Nuclear Energy 
Property Insurance Assn., which will 
provide $50-million property protec- 
tion to reactor owners, and a pool of 


Brownell has eye out for monopoly 





mutual firms that will offer $15- 
million liability or property cover- 
age. 

The basic rate to be charged by 
NELIA will be different for each 
reactor, Haugh said. Each risk will 
be individually considered and 
rated, on these grounds: type and 
use of reactor, thermal power level, 
location, degree of containment, 
“and anything else we can think 
of that has a bearing on the hazard.” 
Premiums will be graduated down- 
ward as the amount of coverage 
taken increases: the second, third, 
fourth and fifth million of coverage 
will cost 50% of the base rate for 
the first million; each million from 
six to ten will cost 20% of the base 
rate; from 11 to 20, 10%; from 21 


The Attorney General has a “close eye” on industrial develop- 





ment of atomic energy, watching for any antitrust violations. 
Herbert Brownell told the New York State Bar Assn. that the Jus- 
tice Dept. was working with AEC to make sure the antimonopoly 
provisions of the 1954 Act are observed. “We will advise AEC im- 
mediately of any situation which, in our judgment, may appear to 
present a serious tendency toward anticompetitive concentration,” 
he declared. “We are also prepared to inform the Congress, with- 
out delay, of any need which may develop for changes in the basic 
statutes to provide additional competitive safeguards.” The De- 
partment seeks, he said, “to utilize preventive rather than remedial 
action,” and to stamp out anti-competitive tendencies “before they 
mature into monopolistic patterns.” Most criticism of the anti- 
trust safeguards in the 1954 Act “lies in the realm of theory,” 
Brownell said: in actual operation the lav “appears adequate for 
the proper development of our free enterprise system at a time 
when both atomic developments and regulatory mechanisms to 
control them are still experimental.” One of the Department's 
problems, he said, is the tendency of several companies to partici- 
pate jointly in atomic projects: “although the companies seeking 
such licenses jointly may not presently be engaged in the same in- 
dustries, such activities still require considerable careful study 
from a competitive point of view,” both as to present actions in the 
experimental stages and in future activities when the commer- 
cial stage is reached.” 
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to 40 5%, and from 41 to 50, 2%. 
NELIA also expects to set a mini- 
mum charge per million of about 
$1,000 for power reactors, and $500 
for sechnonl 3 and test reactors; this 
will act as a floor under the down- 
ward graduations. 

Other points: 

* The liability policy will not re- 

lace, but supplement existing lia- 
bility coverage, and will apply only 
to nuclear hazard injury. 

e As loss payments are made out, 
the total coverage diminishes by like 
amounts; NELIA then has an 
option whether or not to reinstate 
the full amount originally carried. 
(If loss payments equal the total 
carried, coverage ceases until rein- 
stated. ) 

¢ If on inspection a condition is 
found that is not corrected after 
notice to the operator and AEC, the 
policy can be suspended. 

¢ Research reactors are considered 
to present a greater hazard, other 
things being equal, because experi- 
mentation is more dangerous than 
stable operation and because faculty, 
students, and others have access to 
the facility; this will be taken care 
of by a “supplemental loading” on 
the first million of research reactor 
insurance. 

*The basic policy for foreign 
coverage has not been drafted yet, 
but NELIA definitely plans to pro- 
vide coverage to domestic firms ex- 
porting reactors if it satisfies itself 
of adequate safety supervision. 
Indemnity Study Finished 

Additional support for a program 
of government indemnification of re- 
actor risk, to supplement private in- 
surance coverage, comes from the 
Legislative Drafting Research Fund 
of Columbia University which has 
just completed a year-long study of 
financial protection against atomic 
hazards. The $50,000 study was 
commissioned by the Atomic Indus- 
trial Forum; an interim report had 
been filed in March (NU, Jan. '56, 
16; April, 24). 

The final report, substantially con- 
firming the interim report, endorses 
the Anderson bill for government 
indemnification that was favorably 
reported but not acted on at the 
last session of Congress, and has 
been reintroduced this year. In 
two particulars, however, the Co- 
lumbia report makes a finding con- 
trary to the terms of the Anderson 
bill: it recommends that the indem- 
nity program cover government con- 
tractors as well as licensees, and 
that no limit be placed on the maxi- 
mum government indemnity in- 
stead of the $500,000,000 ceiling 
provided by the Anderson bill. 


R7 





Report from Belgium: 





Ten-Year Plan... 


1956 ‘57 


Converter-[ 
Converter-I 
Pu -separation plant 


Breeder -[ 


Study & design [_] 


‘58 ‘59 60 6! 62 63 


. . . would create independent nuclear industry 
in Belgium by 1968; Pu export and power are goals 


BRUSSELS 

A completely independent nuclear 
industry by the end of 1967 at the 
latest is the promise inherent in a 
detailed program of nuclear power 
plant building that has been drawn 
up here. 

Although still unofficial, it is likely 
to be adopted as the basis for the 
national program as it is the work 
of the heads of SEEN—Syndicat 
d'Etude de TEnergie Nucléaire. 
This is the syndicate of 20 big pri- 
vate industrial firms that is taking 
the lead in nuclear development in 
Belgium. 


Background 

Assumptions on which the plan is 
founded are: 

* that electricity demand is growing 
fast—but not quite as fast as in 
most other industrial countries (in- 
crease of 5.3%/yr until 1980, mean- 
ing a doubling of demand every 15 
years) ; 

ethat in 1980 output of Belgium’s 
rich coal mines will reach the an- 
nual technical production maximum 
of 35-million metric tons; 

* that Belgium has no hydro power 
sources, has adequate uranium re- 
serves of good grade in the Congo 
but no thorium, and has no heavy 
water production and no uranium 
enrichment facilities; 

¢ethat conventional power here is 
costly, and the margin between its 
cost and the expected cost of power 
from U. S. and U. K. nuclear plants 
is decreasing; and 

*that design and development of 
the necessary industries will take 
much time. 

(Belgium also counts among her 
national assets her bilateral agree- 
ments with the U. S. and the U. K. 
providing until 1965 for delivery of 
enriched uranium for power as well 
as for research reactors—a recogni- 





tion of the contribution of Belgian 
Congo uranium to the allied war 
effort.) 

For these reasons, the SEEN 
leaders feel Belgium must start ac- 
tual construction of power plants at 
the earliest possible moment. 


Preliminary Evaluation 

Next step in their reasoning is to 
make a preliminary examination of 
the various types of power reactors 
now being designed or built. They 
eliminate heavy water reactors, be- 
cause Belgium produces no D.O, 


Mol 


Antwerp 





and homogeneous and LMFR types 
as being insufficiently developed as 
of now. This leaves four reactor 
types for consideration for Belgium’s 
first industrial nuclear power plant: 
pressurized water, boiling water, 
sodium graphite, and gas cooled 
(Calder Hall type)—with a fifth, 
the Detroit-type fast breeder, as an 
added starter. If it were decided 
to start designing a 100-Mw power 
plant at once, it would still take 
until mid-1957 to complete a de- 
tailed comparison of these types on 
which a choice could be based. 
But by waiting until 1958 to start 
design, the Belgians have noted, 
they will have the benefit of the 
first reports on operation of PWR, 


Construction 





64 65 66 67 68 





Operoction 


EBWR and SRE in the U. S. five 
year program to compare with 
Calder Hall results. 

Decision in 58. For this reason, 
the authors of the SEEN plan 
Herman Robiliart, president, and 
Jean Van der Spek, managing direc 
tor—suggest that the characteristics 
of the first Belgian industrial powe: 
plant be definitively fixed during 
1958. It may be said that they are 
paying the U. S. AEC’s develop- 
ment program the ultimate compli- 
ment by this decision to await the 
results of its experimental program. 

Study Teams. To carry out the 
detailed comparison, the Belgians 

lan to form three or four teams of 
five engineers each and let each 
group make a survey of all four re- 
actor types, to provide comparabl 
data and avoid the possibility that 
each team would support the type 
of reactor it had surveyed. The 
teams would spend three months on 
each reactor type, carrying out the 
four surveys from spring 1957 to 
spring 1958. This arrangement is 
also designed to give good nuclear 
training to Belgian engineers. These 
are to be supplied by member com- 
panies of SEEN, and by CEAN 
the Centre d'Etudes pour les Appli- 
cations de [Energie Nucléaire, a 
group supported by the government, 
industry and the universities, which 
runs Belgium’s nuclear research cen- 
ter at Mol near Antwerp. 

If the reactor type is decided in 
1958, the first reactor would be 
ready for operation in 1962 or 1963. 


In the Future: Breeding 

Looking ahead past the first plant, 
the Belgians recognize that breeding 
is indispensable in the light of world 
energy trends; and that if Belgium 
is to maintain her position as a sup- 
plier of fuel and of manufactured 
products, she must build as soon as 
possible a complete nuclear industry 
to make it possible to utilize fully 
her natural nuclear fuels and to pro- 
vide her export industry with a sur- 
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plus of fissionable material. The 
only way this can be done is by 
breeding U™ into Pu™ or Th™ to 
= 

Since Belgium has uranium but 
no thorium, and since the breeding 
ratio of Pu is higher than that of Th 

1.7 against 1.3), SEEN recom- 

mends a start on designing a Pu 
breeder using U™ as fertile element, 
and eventually plutonium (rather 
than U™) in the core. This last 
desideratum is based on the fact 
that the breeding ratio is 1.5 to 2 
with a Pu core and only 1.1 to 1.2 
with an enriched U core. 

Converters at first. The first 
powerplant begun in 1958, with its 
100-125-Mw converter __sreactor, 
would start producing 90-100 kg 
Pu/yr in 1962 or 1963. The 100- 
Mw Pu breeder contemplated for 
the second stage needs an initial 
loading of about 450 kg Pu. There- 
fore the converter would have pro- 
duced enough to permit starting up 
a Pu breeder in 1967-68. 

However Belgian electricity needs 
are such that a new nuclear plant 
should be put in operation every 
other year, or at least one every 
three years between 1960 and 1970. 
Therefore the Belgian plan is to 
build an intermediate plant between 
the first big converter and the first 
breeder, for operation about 1965. 
If this plant is also a fast breeder, 
using a core of U enriched to 15-20% 
U™, it would improve the plutonium 
supply situation. In this way a 
new Pu breeder could be started 
every three years after 1967, and by 
1977 Belgium would have six nu- 
clear power plants and 600 Mw in- 
stalled capacity. Enriched uranium 
would be needed only for the first 
converter of 1963 and possibly the 
intermediate reactor of 1965; after 
that, a_ self-supporting cycle of 
breeders using U-Pu alloys for fuel 
would have been established. 


Consequences 
This train of thought led SEEN 


to recommend that Belgium con- 
sider “with utmost caution” any 
participation in a project to build a 
pan-European gaseous diffusion 
plant. On the other hand, since 
each Pu breeder has a net annual 
bonus of 50 kg Pu on its initial load- 
ing of 450 kg, it produces enough 
to start a new identical breeder 
after nine years. And since Belgian 
electricity consumption is expected 
to double every 15 years, if the ratio 
of nuclear power plants to total 
power plants in Belgium remained 
constant, the Pu production of Bel- 
gium’s breeders would be enough 
not only to meet the domestic 
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mand but also to support an export 
industry amounting to % of the 
former. 

This is the Belgian goal: to build 
up a Pu-exporting position by about 
1977. 

Pu plant. Another consequence 
of this program is the need for a 
plutonium extraction plant in opera- 
tion by 1963, when the first con- 
verter will start producing Pu. 
Therefore design of the separation 
plant must be completed in 1958, 
and construction is to begin in 1959. 

The program is a logical expan- 
sion of work already launched in 
Belgium. This includes the com- 
pleted Belgian Reactor 1, a graphite- 
moderated, air-cooled anal re- 
actor that went into - ga at 
Mol last summer, and BR-2, a ma- 
terials testing reactor, now being 
designed by NDA (NU, Feb. ’56, 
13; Sept., Rll; Jan. ‘57, R8); and 
a 11.5-Mw pilot power reactor that 
Westinghouse was to have built for 
the 1958 Brussels World’s Fair and 
for which a new site is now being 
sought (NU, Dec. ’55, 13; July ’56, 
R2; Jan. ’57, Rl). 

Uncertainties seen include the 
question of financial participation 
by the industries concerned in build- 
ing the first 100-Mw converter; con- 
firmation of the expected rate of 
plutonium production; and the cost 
of electricity from breeders as com- 
pared to that from converters. 

But if the plan works as foreseen, 
Belgium will have an independent 
nuclear industry by 1967 able to 
take care of incremental electric en- 
ergy needs and also build up a place 
in Belgium’s export trade. 


West Germany Hatching 
New A-Power Plans 


New power-reactor schemes are 
beginning to proliferate in West 
Germany. In addition to the plans 
of RWE—Rheinisch-Westphilische 
Elektrizititswerke, the big Essen 
utility (NU, Oct. 56, R10; Jan °57, 
R10)—at least three new projects 
are in the talking stage. 

One is a six-city project under- 
taken cooperatively by the utility 
companies of Diisseldorf, Duisburg 
and Hagen in the Ruhr district, 
Bonn to the South up the Rhine, 
and Minden and Bremen to the NW 
on the Weser river. The six have 
established the “Association of Ger- 
man Utility Companies for the 
Preparation of the Establishment of 
a Power Reactor,” first task of which 
is to build a medium-sized experi- 
mental power reactor, for research 
and training as well as for power 


for the regional grid. 





The city of Oberhausen, also in 
the Ruhr and headquarters of the 
German Babcock & Wilcox group, 
plans to build a $4.2-million reactor 
to give process heat for industry 
and space heat for housing. 

Finally, Bayernwerk A. G., the 
Bavarian utility, is about to start 
preparations for a nuclear power 
plant to help meet that province's 
steadily-increasing power demand. 
Plans are to start construction work 
in 1960-61 to have the plant in 
operation in 1965. 


Other German Plans 

Kiel University meanwhile is plan- 
ning to establish an Institute for 
Nuclear Physics on a $1.2-million 
budget. It will have a small reactor 
for research and training. Head of 
the Institute will be Prof. Erich 
Bagge of the Physikalisches Staats- 
institut in Hamburg and manager 
there of the Association for Nuclear 
Energy Utilization in Shipbuilding 
and Shipping. 

At Munich, the framework of the 
research reactor for the technical 
university—Germany’s first reactor 
—was completed in mid-January. 
The steel-and-concrete shell, 98 ft in 
both height and diameter, is in the 
form of a_ halved egg; the shell is 
only 3.93 in. thick and thus, in 
relation to the 19,500 yd’ hollow 
space it contains, is thinner than an 
egg-shell. Windowless, it is in- 
sulated outside by a 0.98-in. cork 
layer; total concrete mass is only 
351 yd." Wayss & Freytag AG of 
Stuttgart did the construction work 
described here. 

The decision to build this reactor 
was made only about seven months 
ago. Earth-moving started in 
November. Installation of — the 
basin for the $400,000 AMF 
Atomics swimming-pool reactor will 
start in May and be completed in 
July. Total cost for the reactor 
station, labs and workshops, is esti- 
mated at $1.07-million. 

Across the Iron Curtain in East 
Germany, construction is underway 
on the research reactor for the 
nuclear physics center near Dresden, 
and it is to start operations this year. 
It will be used for research in neu- 
tron and reactor physics, and as an 
rie producer. Contracts have 
also been concluded with Russia re- 
garding preparatory work and tech- 
nical assistance for East Germany's 
first nuclear power plant (NU, Aug. 
56, Rll; Nov., Rll); a group of 
East German scientists are to be 
trained this year at the Joint Nuclear 
Research Institute of the USSR and 
11 satellites at Dubna near Moscow 


(NU, Nov. ’56, R11). 
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Reactor News 


SYLVANIA BIDS LOW ON BNL ELEMENTS 


Sylvania was low bidder on a contract to supply the 
Brookhaven reactor with more than 5,000 new fuel 
elements. A $250,000 contract is expected to. be signed 
within a month, with deliveries to sare three months 
after signing and to continue at a rate of 500 elements 
a month for 10 months. Of 31 firms invited to bid, only 
4 did so on the full job; Babcock & Wilcox was second 
lowest, bidding about $275,000. Earlier, Sylvania had 
fabricated—for a total of $1—a pilot batch of 300 of 
the new-design, “cookie-cutter” elements (NU, Aug. ’56, 
50) that are already in the pile and have raised its flux 
to 10". They have plates containing an active center 
“meat” portion of 8% highly-enriched uranium, 92% 
aluminum alloy. 


ARGONNE ASKS FUEL-ELEMENT BIDS 


Argonne National Laboratory is inviting bids, due by 
Feb. 28, on 72 fuel elements for CP-5. For details con- 
tact J. R. Foote, Purchasing Dept., ANL. 


WTR GROUND-BREAKING DELAYED 


Westinghouse is putting off construction start on its test- 
ing reactor, although a construction permit has been 
issued. The move was described as a rescheduling of 
capital-expenditure priorities. WTR was the first pri- 
vate test reactor in the country to be announced. 


PUTTING EBR-1 BACK TO WORK 


The Mark-3 core for EBR-1 will be made of elements 
clad with zirconium by a coextrusion process. In the 
earlier cores, uranium was contained in stainless steel 
tubes with a thin layer of NaK between to act as heat 
transfer agent. The new third core, to be made for 
Argonne by Nuclear Metals Co., will have the Zr clad- 
ding metallurgically bonded to the U. General con- 
figuration of the core will be unchanged. Norman Hil- 
berry, acting director of Argonne, told the PRDC hear- 
ing in Washington that it’s hoped EBR-1 will be back 
in operation this summer. 


KEWB-1 CAN DOUSE ITSELF 


Atomics International reports that KEWB-1 has demon- 
strated its “self-controlled” ability to shut itself off if 
abnormal operating conditions occur. KEWB—the 
Kinetic Experiment for Water Boilers project AI is doing 
for AEC—is being carried out at Al's field laboratory 
in the Santa Susana mountains 30 mi NW of Los 
Angeles; KEWB-1 is a 50-kw water boiler. The auto- 
matic shutdown characteristic, which AI says is inherent 
in solution type reactors, is due to temperature increases 
and formation of gas bubbles in the reactor fuel. In 
addition to the tests on behavior under abnormal condi- 
tions, studies will also be made to determine best re- 
actor operating methods from the standpoint of effi- 
ciency. 


NAVY, ANP FACILITIES EXPANDED AT NRTS 


Westinghouse issued plans and ifications for con- 
struction of a $2.5-million “Expen Core Facility” as 
part of its naval reactor installation at AEC’s reactor 
testing station in Idaho. Bids will be due at the end 
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of February. The 68,000 ft’ multi-purpose building 
will have a two-story area and high and low bays; clues 
as to its functions are given by the “special features” that 
include a 125-ton capacity overhead traveling bridg: 
crane, lead glass viewing ports, deepwater pits, and high 
density concrete cells. With Nautilus having just about 
burned out her first core, Seawolf finally on her trials 
and seven more A-subs on the stocks, the need for a 
facility to handle spent cores is evident. Over in the 
aircraft nuclear propulsion area of the Idaho test station 
a contract award is to be made shortly for a $500,000 hot 


cell facility. 


10,000 START-UPS FOR PPA 


PPA (Preliminary Pile Assembly), one of five experi 
mental reactors in use at the GE-operated Knolls Atomic 
Power Laboratory, has been started up and shut down 
10,000 times for experimental purposes, GE reported 
claiming a record. PPA, in operation 8% years, has 
simulated the design and performance of several com 
pletely different types of reactors; it is credited with 
having predetermined almost exactly the nuclear char 
acteristics and the in-core heat distribution of the Sea- 
wolf prototype reactor, with having produced much 
data hee the amount and type of controls needed to 
operate various reactors, and with having substantiated 
that intermediate neutrons will not substitute for fast 
neutrons to runa breeder. 


NORTON MAKING CERAMIC FUEL ELEMENTS 


Ceramic fuel elements molded of uranium oxide are 
now being made by Norton Co. at its Worcester, Mass., 
plant. The firm is supplying test elements for Argonne 
National Laboratory, hopes to see the test work com- 
pleted by summer and to be able then to make several 
other kinds for various clients, for power reactor use 
The new Sylvania-Corning Nuclear Co., now being 
formed (NU, Dec. ’56, R6) also is expected to make 


ceramic fuel elements. 


KAPL GETTING NEW DESIGN CENTER 


A $l-million reactor design facility was completed at 
Knolls Atomic Power Laboratory, Schenectady, oper- 
ated for AEC by General Electric. The new two-story 
building houses two research reactors to be used in 
reactor physics and design work, an IBM 704-type 
digital computer, and 90 KAPL staff members. The 
computer will be used for solution of design problems 
in nuclear physics, heat transfer, stress analysis, reactor 
control, ve systems transient response. It will neces- 
sitate doubling the lab’s staff for mathematical analysis 


SRE CONSTRUCTION FINISHED 


Major components of the Sodium Reactor Experiment 
were installed on site at Santa Susana, Calif. (NU, 
— Nov. °56, R6, Jan. 57, R5), and Southern Cali- 
ornia Edison has installed the 7.5-Mw steam turbine 
generator. Heaviest component of the reactor, the 75- 
ton loading-face shield, was fitted snugly into the top 
of the reactor core to an accuracy of Ys-in. to align 
plug holes over core channels. Three plugs extending 
through the shield provide access to remove zirconium 
moderator cans, and 81 smaller plugs permit removal 
and replacement of fuel elements and operation of con- 
trol and safety rods. Only some instrumentation and 
wiring remains to be installed. Calibration, inspection, 
dry runs and sodium loop testing will follow. 
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World News 


\EA Sets Up Fuel Sales Office 


Civilian users of atomic power in Britain will hence- 
forth buy their fuel and other nuclear materials from a 
special department of the Atomic Energy Authority. 
\EA has set up a commercial department at its Risley 
industrial center to handle sales and fix prices for U, 
Pu, Th and graphite. The move is seen as significant 
n Britain because it is the first sign that AEA is pre- 
ured to part with any nuclear materials on other than 

lease basis. According to a CEA spokesman, CEA 
will actually buy uranium from AEA, and sel) back 
spent U for reprocessing. The new arrangement will 
make it easier fae AEA to provide fuel for foreign buy- 
ers of British nuclear power piants. 





Nuclear Power in India by 1961 

India’s first power station will be generating electricity 
before the completion of the second ig veh oy (NU, 
May °56, 23) in 1961, Homi J. Bhabha, head of India’s 
AEC, has predicted. The station would be “largely of 
foreign design and make,” but “considerable portions of 
it will be made here,” he added. Uranium has been 
discovered in a number of new locations, he reported, 
and the first of a number of U mills is to be set up in 
18 months; a plant at Ghatsila to extract U ore hes 
copper tailings is already under construction. On Jan 
20, Prime Minister Jawaharlal Nehru formally inaugu- 
rated the Government of India’s atomic energy estab- 
lishment on Trombay Island in Bombay harbor 7 mi 
NE of the city, and declared open India’s first reactor, 
started up last Aug. 4 (NU, Sept. ‘56, R6, R11). Here 
lso is being built the Canada-India NRX-type reactor 
NU, June °56, 23), physics, chemistry and engineer- 
ing labs, workshops, accommodations for 800 scientists 
ind technicians, and offices now scattered about Bom- 
bay and New Delhi. 





Turbine for Russian Icebreaker Ready 





The Sergei Kirov Works in Leningrad have completed 
me month ahead of schedule, the turbine for the first 
Soviet nuclear-powered ice-breaker (NU, June ‘56, 
18B, Aug. sketch, R3). The turbine will undergo tests 
this quarter. An electrical products factory in Leningrad 
is building the main d-c generator engine for the craft. 


Soviet Plans Atom Office in Vienna 





Reports from Vienna are that the Russian Technoprom- 
Export agency will set up a branch office there. “This 
Soviet agency deals chiefly with exchange of scientific 
documents between the USSR and the West,” accord- 
ing to the independent newsletter Die Aktuelle Nach- 
richt. “The Vienna office is to concern itself primaril) 
with nuclear research and atomic energy questions.” 
The report remarks on “the coincidence of the Soviet 
branch office establishment with the location of the In- 
ternational Atomic Energy Agency in Vienna.” Aus- 
trian officials declined comment. 


British Arranging Insurance Cover 


A new body called the British Insurance (Atomic En- 
ergy) Committee has been set up in London, repre- 
senting the whole market, to handle nuclear risks. 
Cover will be provided both for the reactors them- 
selves and for third party liability. Technical panels 
of the new committee will study special property and 
liability risk problems. 
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Fifth U. K. Consortium Expands 





Two more firms have joined Atomic Power Construction, 
the new, fifth group of British nuclear power station 
builders. Joining Richardsons Westgarth, Crompton 
Parkinson, and International Combustion in the group 
(NU, Dec. 56, R11) are Trollope & Colls of London 
and the Netherlands, and Hannen & Cubitts of London, 
both civil engineers. Trollope & Colls were main civil 
engineering contractors on the Pu separation plant at 
Windscale near Calder Hall. 


Japanese Planning A-Fuel Supply 





The Atomic Fuel Public Corporation plans to start ex- 
perimental production of metallic uranium in April, 
after building a pilot refining plant to cost $2.8-million 
A refinery with an output of 3 tons U metal/yr will 
be attached to it later. Uranium resources in Thailand 
may soon be developed by the Komatsu Mfg. Co., Ja- 
pan’s biggest maker of cast-iron goods. A Komatsu 
technical expert is now making an on-the-spot investi- 
gation in Thailand. 


New Syndicate in France 





Compagnie d’Applications et de Recherches Atomiques 
(Atomic Applications & Research Co.) has been 
founded in Paris by eight big manufacturing concerns 
to study atomic energy applications and to make and 
deal in atomic products. 


Inter-American Symposium for Brookhaven 





Brookhaven National Laboratory will be host to an 
Inter-American Symposium on Nuc lear Energy spon 
sored by the U. S. as part of the “atoms-for-peace” pro 
gram May 13-17. The week following, participants 
from all 20 other American republics will be taken, by 
interest groups, on one-week tours of atomic facilities 
in the U. S. AEC, State Dept. and ICA are planning 
the meeting and tours. Purpose is to stimulate the use 
of nuclear energy throughout Latin America: to clarify 
the present and future possible uses of atomic energy 
in Latin countries, calling attention to the practical 
efforts necessary to support and accelerate its develop- 
ment. Both scientific and economic aspects will be dis- 
cussed in a program covering uses of radioisotopes in 
industry, agriculture and medicine; reactor types, uses 
and prospects; and factors in organizing an effective 
nuclear program. About 100 Latin-Americans who are 
recognized leaders in their countries’ programs are ex- 
pected to attend, 3-8 from each country, and represent- 
ing administration, physical sciences and chemistry, en- 
gineering, biology, medicine, and agriculture. The 
meeting will be bilingual (Spanish-English) with si- 
multaneous translation. Proceedings will be published 


High-Energy Center Proposed in Britain 





Construction of a national research center for purely 
academic nuclear research work in the high-energy field 
has been proposed in England. Object is to provide 
equipment now available only in the U. S. and Russia, 
and to encourage to British scientists to continue work- 
ing there. The high cost of particle accelerators (run- 
ning to $30-million) has meant that until now no single 
governmental, industrial or educational establishment 
could entertain work in this important field. Britain 
can afford only one multi-million-volt accelerator, in 
terms of personnel as well as of money, and it’s felt it 
would be unfair to put such apparatus in any one uni- 
versity. The new national center would be close to 
Harwell. Cost would probably be shared by AEA and 


other government agencies, industry and universities. 
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News in Brief 


Durham Takes Over JCAE 

As expected, Rep. Carl Durham (Dem., N. C.) was 
elected chairman of the Joint Committee on Atomic 
Energy at its first meeting in the 85th Congress. Vice- 
chairman in the last session, he had presided during 
the 82nd Congress following the death of Senator Mc- 
Mahon, JCAE’s first chairman. Sen. Clinton P. An- 
derson (Dem., N. M.), chairman last year, is now vice- 
chairman. The chairmen of the six standing subcom- 
mittees were all reappointed. Rep. Thomas rage 
(Rep., Ohio) was named to replace Carl Hinshaw of 
California, and the Senate was deadlocked trying to 
name a successor to Sen. Eugene Millikin of Colorado 
who did not run for re-election. 


Gore Bill Back Again 

S. 151 is the new number of last year’s controversial 
Gore bill for civilian reactor acceleration, reintroduced 
by the Tennessean in the first week of Congress. The 
text is unchanged. HR. 2154 is the companion House 


bill. 


Atoms to Puerto Rico 

A regional symposium on peaceful uses of atomic en- 
ergy was held Jan. 24-28 under the sponsorship of the 
University of Puerto Rico in cooperation with Oak 
Ridge Institute of Nuclear Studies and AEC. Tenth 
of a series of regional symposia arranged at colleges by 
ORINS, it was attended by 1,200 students, faculty and 
professional people from Puerto Rico and neighboring 
countries. The first two days’ sessions were held at the 


Rio Piedras campus of the University, the last three at 
its Mayaguez campus. AEC is helping the University 
build a nuclear training center (NU, Nov. 56, R12). 


Case Considering Nuclear Center 

Case Institute of Technology in Cleveland has formed 
a nuclear study group to investigate the feasibility of 
establishing a nuclear research and development center. 
Five local firms are participating in the study (Repub- 
lic Steel, Standard Oil of Ohio, Cleveland Electric [II- 
luminating Co., Austin Co. and Thompson Products). 
Facilities at the $4-million center would include a 
10-Mw research reactor, hot labs and caves, gamma ir- 
radiation equipment, a neutron spectrometer, a particle 
separator, isotope preparation equipment. 


U. S., Japanese Forums to Meet 

Tokyo will be scene on May 13-15 of a conference and 
exhibit on the peaceful atom jointly sponsored by the 
Atomic Industrial Forums of the U. S. and Japan. The 
Japanese Forum has more than 600 industry members, 
and industrial executives from a dozen Far Eastern 
countries are expected to attend. The U. S. Forum 
sees the occasion as a prime opportunity for the Amer- 
ican atomic industry to display its products to potential 
buyers in the Orient. 


Navy Training 2,000 a Year 

More than 2,000 seamen are being trained each year 
as nuclear technicians to man the new nuclear Navy, 
R. Adm. Albert G. Mumma, chief of the Bureau of 
Ships, said. The Navy has conducted courses for the 
Nautilus and Seawolf crews at the subs’ respective 
prototype plants at Arco, Idaho, and West Milton, N. Y. 
Eligible for the nuclear program are certain grade tech- 
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nicians such as machinist’s mate, engineman, electronics 
technician, electrician’s mate, international communica- 
tions technician, and hospital corpsman; they must ly 
under 30, have at least four years left to serve, be 
qualified in submarines, and meet minimum educational 
standards. 


Mexico Pricing Power Reactors 

The Mexican government’s Comision Federal de Elec- 
tricidad has privately queried manufacturers on the 
price of a 30-Mw nuclear power plant, asking replies by 
March 30. The move mystified observers in Mexico as 
CFE has already earmarked most of its budget and as 
there is still no U. S.-Mexican power bilateral. American 
& Foreign Power has indicated a desire to place a 
10-Mw plant in Mexico (NU, Nov. ’56, R6), but the 
Mexican AEC has not yet asked for a bilateral. CFE 
hinted it wanted the reactor for Chihuahua, 235 mi S 
of El Paso, Tex.; a growing industrial city of 110,000, it 
has only 17-Mw installed. 


Another New U. K. Graphite Firm 

Associated Electrical Industries—John Thompson Nuv- 
clear Energy Co. has joined with Morgan Crucible Co. 
to form Nuclear Graphite Co. The new company will 
specialize in the machining of graphite for moderators, 
and will be able to furnish graphite for one 300-Mw 
station a year now, and perhaps 50% more by 1959. 
Barely two months ago, Anglo Great Lakes Corp. was 
formed, second firm in Britain producing graphite of 
nuclear purity (NU, Dec. ’56, R6). 


Three Million for Brazil 

Brazil's President Kubitschek has opened a special credit 
of $3-million for the National Commission on Nuclear 
Energy, to permit it to initiate a training program for 
scientific personnel, wider prospecting for atomi: 
minerals, and the acquisition of nuclear research ma 
terials. 


Monticello Mill Status Up for Review 

AEC’s Grand Junction Operations Office confirms it will 
review in 1957 the status of the government-owned 
uranium mill at Monticello, Utah, operated for AEC 
by National Lead Co. It will run at capacity this year, 
GJOO says, but it’s believed AEC may complete its 
delivery goals of yellow cake for Defense Dept. stock- 
ee during 1957. AEC policy has been directed at 
eeping the = U industry operating on a defense- 
mobilization basis. To junk the recently-expanded mill 
would entail quite a loss of investment. A third pos- 
sibility is sale to private enterprise, e.g. National Lead 


Access Permittees Polled 

After a year and a half of operation of AEC’s access 
permit program, a survey of its effectiveness is being 
carried out for AEC by McKinsey & Co., management 
consultants. They are canvassing the 1,145 who held 
permits as of Dec. 31, 1956, to evaluate the technical 
information services presently provided. 


Aerojet Research Reactor Price 
Dept. of Commerce procurement lists reveal that the 
Navy purchasing office in San Francisco paid $65,000 
for its Aerojet-General Nucleonics low-power reactor 
(NU, Sept. 56, 100; Dec. R6). 


Atomic Law Center Envisioned 

University of Michigan Law School hopes to organize 
an international center for study of legal problems re- 
lated to peacetime atomic energy development, perhaps 


within a year. 
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a) Model 22H: Civil 
Defense Counter Counter for Survey Meters 


b) Mode! 20H: Thin W. 


ilogen quench Geiger counters* of all- 
glass construction are now available from 
RCL. Outstanding features are lower 
st, infinite life, larger output pulse, 
wer plateau slope, non-photosensitiv- 
and they are notaffected by discharge. 
[he quenching action of a counter 
mtaining halogen was first reported 
Liebson. RCL is the first company 
offer the all-glass halogen counter. 
RCL’s halogen counters have been tested 
y experienced scientists and are stated 
be the finest halogen quenched count- 
ers currently available. The tubes have a 
easured gas counting efficiency 20 per 
nt higher than other halogen counters. 


Radiation 
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ROL Laboratories, Inc. 


NUCLEONIC PARK, SKOKIE, ILLINOIS 


x At organic counter prices . 
on-phofosensi!ive 


H: Thin Wall 
Counter 





d) Model 11H: General 
Thin Wall Counter 


RCL’s halogen counters are available 
in a number of models, selection shown 
above. These are the most popular sizes 
based on RCL’s over-a-decade of ex- 
perience as the leading manufacturer of 
radiation counters; tubes 

The cathode surface is a patented, 
non-metallic conductive coating which 
is transparent. The thin wall section 
has the obvious advantage of a high 
transmission for radiation. The 
tubes can be used in open daylight with 
no spurious counts added because of the 
tube’s non-photosensitivity. Operating 
efficiency is not impaired by extreme 
temperatures; there is less than 1 per 
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11-7H: Long f) Model SHH: Mica 
Wall Counter Window Counter 


change in rate when 


cent 
operated from minus 55°C to 110°C 


counting 


* First reported on by Clark 
Typical Output Pulse 


; 


Vertical divisions : two volts 
Horizontal divisions: 100 microseconds 


——— ee + 
Radiation Counter Laboratories, Inc., Dept. 127 | 
Nucleonic Park, Skokie, Illinois 
Gentlemen: Please send me additional information on your RCL halogen | 
Geiger Counters. | 
Nome 

| 

Firm | 

Address ; 

City State | 
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Performance of gas turbine blades proves: 
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Inconel “X” has outstanding 
stress-rupture life at 1200°F-1500°F 


rosion resistance...excellent spring 


Inconel “X”’* age-hardenable nickel- 
chromium alloy is fast becoming a 
standard design metal for high 
strength in the 1200°F-1500°F 
range. Its use in equipment such as 
the gas turbine blades shown above 
proves its outstanding value at these 
temperatures. 

The 100-hour stress-rupture life 
of Inconel “X” alloy at 1500°F is 
29,000 psi. 

This exceptional strength at high 
temperatures, combined with an ex- 
tremely low creep rate and a rela- 
tively low. coefficient of expansion, 
makes Inconel “X” a superior alloy 
for structural parts. 

Inconel “X” alloy has other valu- 
able characteristics, too. High cor- 
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Inconel X ... for high strength at high temperatures 
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properties .. . high modulus of elas- 
ticity . . . resistance to galling and 
abrasion. 

Inconel “X’ may be just the metal 
you need for nuclear equipment 
You may have several places where 
the properties of Inconel “X” alloy 
would be advantageous in equipment 
for producing and processing urani- 
um fuel or harnessing atomic power. 

For more information about this 
high-strength, high-temperature al- 
loy, write for a free copy of Inco’s 
79-page booklet, “Inconel ‘X’ ”’. 

*Registeved Trademark 
THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 
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Physical Constants 
of Inconel “X”’ Alloy 


Density Ib/cu in ...............000+. 0.300 
Specific Gravity vo.» 8.80 
Melting Point °F .......... 2540-2600 
Specific Heat (32°-212 °F) 
Bee I iis dase tices 0.105 
Thermal Expansion Coefficient 
(32°-212°F) 
We BREE ictccisnncasyeecesionssos 7.6 
Thermal Conductivity 
(32°-212°F) 
Btu/sq ft/hr/°F in ... 
Electrical Resistivity (32°F) 
ohms/cir. mil ft .................... 750 
Tensile Modulus of Elasticity 
10° psi 31 
Torsional Modulus of Elasticity 
10° psi veinalll RS 1] 
Available Forms 
Cold rolled sheet 
Hot finished rods & shapes 


Forged billets & shapes 
Cold drawn seamless tubing 
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To industries 
interested in 


GAMMA RADIATION 


for Chemical Processing « Sterilization 
Polymerization and cross-linking 
Vulcanization * Cracking and other 
effects of radiation on materials 


radioactive Cobalt 60 in kilocurie quantities 


a self-contained gamma irradiation unit 
a gamma irradiation service 


a design and consulting service and 
custom-built equipment 


FOR MORE INFORMATION WRITE TO 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION 
P.O. Box 93 Ottawa, Canada 
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central station 
power 


¢ THE 
@ Reh) Ee (a: 
GAS-COOLED 
REACTOR 


propulsion 


process heat 


For latest information on FICo’s 
progress toward development 
of the closed-cycle gas-cooled 
reactor—or for information on 
FICo’s abilities in reactor con- 
trol, instrumentation, and reactor 
components —Write: 


Dept. NS ” 
ss 


< FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION * 31-10 THOMSON AVENUE, LONG ISLAND CITY 1, N. Y. 
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In the Aircraft Industry... 


Solar is 
Synonymous 
with 

Stainless Steel 





EXPERIENCE [im hd 
Solar has more experience in 


building airframe and engine components of stainless 
steels, titanium, and other advanced metals and 
high alloys than any other company in the world. 


EE Solar can greatly assist you in the design 


of components and assemblies to be built of high 
alloys— because of Solar’s intimate knowledge of the 
problems and possibilities of these special metals 


DEVELOPMENT Ji 
Solar is being asked to undertake 


more and more basic development projects 
in association with other companies — because 
of Solar’s unique skills with advanced 

metals and their engineering. 


MANUFACTURE Two large plants offer strategic 


dispersion with integrated, experienced management 
Solar’s production record is unmatched for quality, 
service dependability, and prompt delivery 


FOR MORE INFORMATION ABOUT SOLAR’S CAPABILITIES, WRITE 
DEPT. C-124, SOLAR AIRCRAFT CO., SAN DIEGO 12, CALIFORNIA. 


SOLAR YY... 


AItTRCRAFT COMPANY DES MOINES 


Designers, Developers and Manufacturers + Gas Turbines + Aircraft and Missile Components + Bellows + Controls + Coatings + Metal Alloy Products 
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Swi on Cibbespig 


GALLAGHER COTTON MILLS 


* 


on Coton 
g Cor poration — 


m 
Glace Engmect” ENGINE ERs 


ON 


GENERAL NUCLEAR ENGINEERING CORPORATION 


PROFITABLY! This fast-growing elec- 


tronic, nucleonic and mechanical engineering and re- 
search center of Florida invites you to join these major 
business firms who have located in this area in the past 
thirty months. Available skilled workers, excellent 
schools, fine transportation make an ideal community 
in which to live, work and play where most people 
dream of retiring. Write today for detailed literature. 


ST. PETERSBURG CHAMBER OF COMMERCE 


Jack Bryan, Industrial Director Dept. C St. Petersburg, Florida 
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MASSACHUSETTS 


22 


BOSTON 


four words 
identify those 


special 


Customers 


‘6 AS DESCRIBED 














J 


NUCLEONICS . . . where your advertising message produces sales 
... because it’s read by more than 16,000 key management, technical 
and production personnel in the nuclear field. They pay to get 
NUCLEONICS because they need it in their work. 


In the advertising pages of NUCLEONICS they find the product 
specifications, new products and the latest in nuclear and allied 
product development. 


Start your advertising campaign in NUCLEONICS now. Describe 
your products in the only authoritative media reaching buyers in 
atomic power, nuclear engineering and applied radiation. 


in... NUCLEONICS? ? 


ali) 
a 


WEs T 42ND STREET 
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HERE'S REALLY COMPLETE SHIELDING SERVICE... 


*Webster's new Collegiate Dictionary 


Webster* defines complete as “. . . with no part 
lacking . . . perfectly equipped or skilled” and it's 
a perfect description of Ameray’s Radiation 
Protection Products and Services. 

Need radioactive isotope handling materials? 
Look to Ameray for lead shipping and storage 
containers, fume hoods, high density 
concrete block, lead brick, Zinc Bromide or high 
density lead glass windows and related products 

Now, from one reliable source you can obtain 
every material, device and accessory needed to 
solve industrial and medical shielding requirements 
... Ameray’s over 50 years of combined experience 
is the result of hundreds of X-ray and other high 
performance nuclear shielding installations already 
made throughout the world. 

Ameray’s skilled engineering-production team 
can also custom-build the unique units required to 
meet your most difficult applications from the 
smallest carrying container to full shielding 
for a reactor. 


.| 


gl 


... LEAD CONTAINERS AND ACCESSORIES, TOO! 


FREE — 1957 SHIELDING PRODUCTS CATALOG 
Send for your copy of Ameray’s NEW Catalog 


of dependable “Safety-Engineered” nuclear shielding 


products; request Catalog #57. If your 


requirements include X-ray protection an 
products also request Catalog #22. = 


ROUTE 46 KENVIL. NEW JERSEY 


FOXCROFT 6-4100 
N. Y. PHONE: BOWLING GREEN 9-0412 


FIELD OFFICES IN LEADING CITIES 
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PHOTOELECTRONICS* 


* The conversion of light input to highly 
magnified electrical output in a dependable, 





precise relationship. 

Depend on Du Mont Multiplier Phototubes for 
precise quantitative and qualitative 
measurements. Available in a wide selection 


of sizes and electrical characteristics for 





every photoelectronic need. 


oU MONT 


Industrial Tube Sales, ALLEN B. DU MONT LABORATORIES, INC. 2 Main Ave., Passaic, N. J. 
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WHY BUY STAINLESS STEEL squares 


WHEN IT’S ie (=¥: YOU NEED? 


This circle, %6'' thick x 164’' diameter, is one piece of Type 3161 stainless 

steel. Had the customer ordered a square, he would have paid freight on a 

half-ton of excess material. Also, he would have had the problem and 

expense of handling the square and cutting the circle. 

Here are four sound reasons why Carlson to order the circle. This eliminates the 

customers save time and money when extra charge for cutting the original 

they order the circles they want—rather square and involves only the one 

than the squares they have to cut. . Ps charge for cutting the circle. 

1. If the gauge and size are circle- 3. Because circles weigh W Siow 
shearable, there is no extra charge for 


25% less than squares, there’s a s 
stantial saving in transportation cost: 


4. Small or medium size circles are oft 
available from stock when squar 
may not be. The delivery time sav 
can be an important factor. 


When you need stainless steel cir: 
come to Carlson where we specialize 
stainless steel... that’s your guarant 
of —— le service. 


Stainbu Stee] Exobesiu ely 


cutting the circle. This saves cutting 

labor and scrap handling expense. VALE 12S 

: TANS a))\\ |Z, 
2. If the gauge is such that a cutting Y AG JS C. 


charge applies to the square, it pays 


THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


Plates * Plate Products * Forgings * Bars * Sheets (No.1 Finish) 
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- MLLT. 
Cea 
facility 


The M.LT. installation is a heavy water reactor, 
using an enriched uranium core. Cooling of the 
D,O will be provided by pure H,O through a heat 
exchanger. The reactor is designed for initial oper- 
ation at 1,000 kw; however, it is capable of being in- 
creased to 5,000 kw by the addition of extra heat ex- 
changing equipment. A medical therapy facility for 


Designed for advanced research in the bio- 
logical as well as the physical sciences, this 
major reactor facility at M.I.T. is presently 
being engineered and constructed by QC f 
Industries, Incorporated. It will go critical 
late in 1957. 


neutron treatment will be provided below the reactor. 

The Nuclear Energy Products Division is 
staffed and equipped to design and build complete 
reactor facilities for power, research, materials test- 
ing, and other purposes. We cordially invite 
inquiries relating to design and manufacture of 
reactors, components and associated equipment 


QC f reactors currently under design and construction 


® 1,000-5,000 kw heavy water research reactor for the 
Massachusetts Institute of Technology. 

® 5,000 kw heavy water research reactor for the Italian 
National Committee on Nuclear Research. 

® 20,000 kw light water materials testing and research 
reactor for Reactor Centrum Nederland. 


® 30,000 kw light water materials testing and research 
reactor for Aktiebolaget Atomenergi of Sweden 


® 10,000 kw light water materials testing reactor for the 
Nuclear Engineering Test Facility, Wright-Patterson Air 
Force Base, Ohio. 


Engineers and scientists interested in joining this large, well-staffed and well-backed group 
are invited to inquire into the many available opportunities. 


QCf INDUSTRIES, INCORPORATED 
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another example of exciting work at los alamos... 


PREPARATION OF Rala SOURCES 


Since 1944 the Los Alamos Scientific Laboratory has pioneered in the 
study of the effects of intense radiation on chemical, biological and 
radiographic systems. Among energy sources for such experimentation 
are extremely small, high-intensity gamma ray emitters containing 
radioactive lanthanum-140. Known as RaLa, these sources range up to 
10,000 curies (370 million million disintegrations per second, equivalent 
to several times the known amount of the world’s extracted radium). 


Obviously, preparation of RaLa sources is done entirely with remote- 
handling equipment largely controlled with pushbuttons and actuated 
through servo-mechanisms. Design and much of the fabrication of the 
handling apparatus are also Los Alamos accomplishments and the 
Laboratory facility is one of the most highly developed in the United States. 


Scientists and engineers interested in these or other projects at 
Los Alamos Scientific Laboratory are invited to write to: 


Director of Scientific Personnel 
Division 1708 


alamos 


scientific laboratory 


| OF THE UNIVERSITY OF CALIFORNIA 
* LOS ALAMOS, NEW MEXICO 
' 
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Operator at the control console of the 
RaLa processing laboratory. The appara- 
tus shown at the right is seen through 
the periscope. 
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This drawing shows the remotely con- 
trolled equipment for chemical separa- 
tion, filtering, drying, pelleting, and 
jacketing of RaLa sources. Up to 
100,000 curies can be handled. 
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The apparatus to the left is used for precise 
alignment of the filtering assembly used in hot 
cells for RaLa processing. When in actual use 
it is operated by remote control. 


los Alamos Scientific Laboratory is a 
non-civil service operction of the 
‘ 


University of California for the U. §$ 


Atomic Energy Commission 








FREQUENCY 


MAT IAVITIhS 





PRECISION FORK UNIT 
TYPE 50 
Size 1” dia. x 3%” H.* Wght., 4 oz. 
Frequencies: 240 to 1000 cycles 
Accuracies:— 

Type 50 (+.02% at —65° to 85°C) 
Type R50 (+.002% at 15° to 35°C) 
Double triode and 5 pigtail parts required 
Input, Tube heater voltage and B voltage 

Output, approx. 5V into 200,000 ohms 


*3%” high 
400 - 1000 cy. 


FREQUENCY STANDARD 
TYPE 50L 
Size 3%” x2 444” x 5%” High 
Weight, 2 lbs. 
Frequencies: 50, 60, 75 or 100 cycles 
Accuracies:— 
Type 50L (+.02% at 
Type R50L (+.002% at 15 
Output, 3V into 200,000 ohms 
Input, 150 to 300V, B (6V at .6 amps.) 


—65° to 85°C) 
to 35°C) 








PRECISION FORK UNIT 
TYPE 2003 

Size 114” dia. x 44%” H.* Wght. 8 oz. 
Frequencies: 200 to 4000 cycles 
Accuracies:— 

Type 2003 (+.02% at —65° to 85°C) 

Type R2003 (+.002% at 15° to 35°C) 

Type W2003 (+.005% at —65° to 85°C) 
Double triode and 5 pigtail parts required 
Input and output same as Type 50, above 


*3%4” high 
400 to 500 cy. 
optional 


FREQUENCY STANDARD 
TYPE 2005 


8” 2 8” 2 74%" High 
Weight, 14 lbs. 


Size, 


Frequencies: 50 to 400 cycles 
(Specify) 
Accuracy: +.001% from 20° to 30°C 
Output, 10 Watts at 115 Volts 
Input, 115V. (50 to 400 cycles) 








FREQUENCY STANDARD 
TYPE 2007T 
TRANSISTORIZED 

Size 114” dia. x 44%" H.* Wght. 7 ozs. 
Frequencies: 240 to 1000 cycles 
Accuracies:—Same as 2003, above 

Type 2007S—Silicon type 

Input, 28V. 

Output, Multitap, 75 to 100,000 ohms 

*314” in 2007S, 400 to 800 cycles. 


FREQUENCY 
STANDARD 


TYPE 2121A 
Size 

8%” x 19” panel 

Weight, 25 lbs. 
Output: 115V 
60 cycles, 10 Watt 
Accuracy: 
+.001% from 20° to 30°C 
Input, 115V (50 to 400 cycles) 








FREQUENCY STANDARD 
TYPE: 2001-2 

Size 3%" x 44%" x 6” H., Wght. 26 oz. 
Frequencies: 200 to 3000 cycles 
Accuracy: +.001% at 20° to 30°C 

Output: 5V. at 250,000 ohms 

Input: Heater voltage, 6.3 - 12 - 28 
B voltage, 100 to 300 V., at 5 to 10 ma. 


FREQUENCY 
STANDARD 
TYPE 2111C 
Size, with cover 
10” x17" 29" H. 
Panel model 
10” x 19" « 8%" H. 
Weight, 25 lbs. 
Frequencies: 50 to 1000 cycles 
Accuracy: (+.002% at 15° to 35°C) 
Output: 115V, 75W. Input: 115V, 50 to 75 cycles. 








ACCESSORY UNITS 
for TYPE 2001-2 
L—For low frequencies 
multi-vibrator type, 40-200 cy. 


D—For low frequencies 
counter type, 40-200 cy. 


H—For high freqs, up to 20 KC. 
M—Power Amplifier, 2W output. 
P —Power supply. 








This organization makes frequency standards 
within a range of 30 to 30,000 cycles. They are 
used extensively by aviation, industry, govern- 
ment departments, armed forces—where maxi- 
mum accuracy and durability are required. 


WHEN REQUESTING INFORMATION 
PLEASE SPECIFY TYPE NUMBER 








Ameriean Time Products. Ine. 


580 FIFTH AVENUE, NEW YORK 36, N.Y. 
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emical fields. 


; Pa company of 2500 


hin easy commuting distance of Boston 
Mitural, educational and recreational facilities. 


For details about joining this forward moving firm, write or call our Employment Director. 


METALS & CONTROLS jij CORPORATION 


* 2 1302 Forest St., Attleboro, Mass. 
Nuclear Products Division inet: Mhibien 1-2000 





radiatio 





NUCLEAR SYSTEM 
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the Package 


With the rapid growth of interest in, and employment 
of, radioactive materials, the need has arisen for a 
complete radiation service. That is what Nuclear 
Systems Division of The Budd Company provides. 


If you plan to employ radioisotopes either in research 
or production Nuclear Systems can take care of the 
entire project. 


You will be supplied whatever radioactive sources 
you require, fabricated in whatever shape you need, 
in strengths up to and, if desired, exceeding, 10,000 
curies of cobalt 60 equivalent. 


You will also be provided all the equipment for 
shipping, storing and controlling these sources, radia- 
tion level indicating and alarm systems. In addition, 
consultation and training services are available. 


As a consequence, you can bring your project to 
Nuclear Systems, backed by the resources of tech- 
nology, manpower and physical plant of The Budd 
Company, and walk out with the complete package. 
We believe this service is unique, and if you are con- 
cerned with the use of radioisotopes, we’d like to tell 
you more about it. Please write us. 


Impany - Philadse 


When you come to Philadelphia for the Nuclear Congress, 
March 11-15, be sure to visit our radioactive materials handling 
facility. If you wish to call in advance, the telephone number 
is BAldwin 5-9100. 
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BACKGROUND 


LESS THAN 1 CPM [@ 


with the 


Tracerlab 2 


low-background beta 





counting system 





@ Plateau slope less than 1% per 100 volts 
@ Ultimate sensitivity of 0.05 cpm 


@ Window thickness less than lmg/cm? 


Tracerlab’s new Low-Background Beta Counting 
System offers the ultimate in sensitivity for solid 
samples of beta-active materials. It is the first com- 
plete beta counting system ever offered commer- 
cially with a background of less than one count 
per minute 


This remarkably low background allows the assay 
of samples with very low specific activity. For 
instance, the CE-14 Low-Background Beta Counting 
System offers a sensitivity to carbon-14, a factor of 
10 greater than a windowless flow counter. The 
sensitivity ratio is even greater for isotopes with 
higher energy beta radiations. 


The plateau slope of less than 1% per 100 volts 
means unusually stable operation for periods of 
months or years, with excellent reproducibility of 
results. The central beta counters are‘ designed for 
continuous gas flow to insure maximum long-term 


reproducibility 


4 


The CE-14 Low-Background Beta Counting System 
is complete with two central flow counters and 
mercury isolation shield, inside a dust-tight steel 
cover which also houses the anticoincidence, um- 
brella. The massive shield, gas flow system and 
special three-channel anticoincidence scaler are in- 
cluded as an integral part of the complete system. 


A detailed description of this Low- 
Background Beta Counting System is 
available. Write for bulletin CE-14, 





ee [racerlab— 


130 ‘High Street, Boston, Mass. 
2030 Wright Ave., Richmond, Calif 


Offices in principal cities throughout the world 
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Foster Wheeler’s exceptional facilities for 


HEAVY FABRICATION 


can solve your toughest forming, machining 






and welding problems 










This huge, 8000-ton hydraulic beam press easily per- 
forms bending and forming operations on steel plates 
up to 9 inches thick and 39 feet in length. 















Here, on one of the largest double housing planers in 
the country, welding grooves are machined in one half 
of a cylinder for a large pressure vessel. 








Twin arc automatic sub- 
merged arc welder joins two 
longitudinal half shells for a 
6-inch thick pressure vessel. 









With four large and exceptionally well equipped plants — 
at Carteret, N.J., Mountaintop, Pa., Dansville, N.Y. and St. 
Catharines, Ontario — Foster Wheeler offers a unique fabri- 
cating service to industry. High-pressure vessels, heavy-wall 
pipe and unusual weldments to Code requirements and be- 
yond, as well as your lighter fabrications, can be produced 
by the most modern and ef- 
ficient methods, with sub- 
stantial savings in time and 













cost. 









For More Complete Information on Foster Wheeler fabricating fa- 
cilities, send for your copy of our new, 20-page Bulletin No. GS-56-4. 
Foster Wheeler Corporation, 165 Broadway, New York 6, N.Y. 


FOSTER \(] WHEELER 


NEW YORK + LONDON « PARIS « ST. CATHARINES, ONT. 
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Wanted: Pioneers for man’s last frontier 


Help us build power for the 


conquest of space: 


LARGE 
ROCKET 
ENGINES 


WILLIAM J. CECKA, JR., 35, aero- 
nautical engineer, (Univ. of 
Minn. 43), was called from 
North American by the Air 
Force for experimental rocket 
work in 1944. On his return, 
he progressed rapidly: 1948, 
supervisory test job; 1950, 
group engineer, operations; 
1953 engineering group leader; 
1955, section chief of engineer- 
ing test. Using our refund 
plan, he has his M.Sc. in sight. 


38 


GEORGE P. SUTTON, in the 13 bril- 
liant years since receiving his 
MSME, Cal Tech, has made 
rocketry a way of life. His 
reputation is world wide. His 
book Rocket Propulsion Ele- 
ments is recognized as the 
standard text on the subject. 
Still active academically, but 
no bookworm, he takes time off 
occasionally to study the laws 
of motion at some of the 
world’s better ski resorts. 


Tomorrow’s count down already fills the air 
ROcKETDYNE’S 1,600-acre Field Test Laboratory jp 
the Santa Susana Mountains near Los Angeles 
For this is the free world’s largest workshop fo 
rocket engineering — the great new industry that is 
now attracting many of the finest scientific ang 
engineering minds in the country. 


EXACTING RESEARCH, EXCITING PROSPECTS 


From the rock-bedded test stands come 2 miles of 
recordings per day — data far ahead of available 
texts. The big rocket engine is a flying chemical 
factory in an absolute state of automation. It toler. 
ates no error. It demands ductwork, turbomachin. 
ery, pressure chambers, orifices, injectors, heat 
exchangers and closed-loop control systems that 
must put hundreds of pounds of precisely mixed 
propellants into controlled combustion every sec. 
ond. Tolerances go down to 0.0001”. Temperatures 
range from -250° F to 5000° F. Process time con- 


| stants occur in “steady state conditions” of the 


order of a few milliseconds. Event sequences are 
minutely evaluated, as basis of designed perfor. 
mance predictions of extreme exactitude. 

The methods now being developed at 
RocKETDYNE for producing effective power to the 
limits of mechanical stress will have wide applica- 
tion. Such experience is practically unobtainable 
anywhere else. As a graduate engineer, you may 
be able to participate—now. 

What motivates a rocket engineer? Well, the 
material advantages are high; but it is the work 
itself that draws him most. He feels the same incen 
tive that moved Magellan ...spurred the Wright 
Brothers ... and beckoned again to Goddard as he 
flew the first liquid rocket at Auburn, Mass. in 1926 

At RocKETDYNE, you can do this kind of pioneer 
ing in a management climate that stimulates per 
sonal growth—and rewards it to the limits of your 
ability. Academically, too, you can grow with our 
financial aid; some of the nation’s finest univer- 
sities are close by. 


INTERESTING BOOKLET: ““The Big Challenge”—facts on 
design criteria and development approaches used 
at RocKETpYNE. Write for your personal copy, 
specifying your degree and years of post-college 
experience. Address: A. W. Jamieson, Engineering 
Personnel Dept. 2-c 6633 Canoga Ave., Canoga 
Park, California. 


ROCKETDYNE I2 


A Division of North American Aviation, Inc. 
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On Phoenix Project No. 75... 
they're switching to “‘auto’’ with L&N Control 


Phoenix Project No. 75, the University of Michi- 
gan’s Ford Nuclear Reactor (FNR), is completely 
regulated by another of the “package” reactor con- 
trol systems engineered by Leeds & Northrup Com- 
pany. The 1000-kw reactor is the seventy-fifth of 
some 120 research studies in the peaceful uses of 
nuclear energy to be undertaken at the University’s 
8-year-old affiliate, the Michigan Memorial Phoenix 
Project. 

In this console-cubicle system, L&N Speedomax® 
recorders chart all of the FNR’s nuclear functions 
at all power levels. At full power, an L&N P.A.T. 
60 linear servo amplifier adjusts rod position auto- 
matically. The system also supplies Phoenix re- 


Get the facts from your L&N Field Engineer 
or write for “Control Systems for Nuclear 
Reactors.” The address—Leeds & Northrup 
Co., 4936 Stenton Ave., Phila. 44, Pa. 
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searchers with data on conductivity in the pool, 
temperatures throughout the cycle, and area radio 
activity. Another Speedomax instrument controls the 
temperature of exit water from the heat exchanger 

The basis of this integrated system, and others in 
our growing list of nuclear projects, are the special- 
ized engineering skills and standardized measure- 
ment and control components available only through 
L&N’s “complete systems” approach to research and 
power reactor control. It’s a design and production 
technique that turns out efficient control systems 
in minimum time—confines costly customizing 
merely to tailoring the final package to space 
requirements of the site. 


LEEDS IN NORTHRUP 


} 


Instruments | iT] Automatic Controls «+ Furnaces 
‘a i 
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nd TIONAL 


TPADE MARK 


for atomic energy applications 


For dependability, economy and safety, the use 
of “National” graphite in reactors has been 
thoroughly proven and accepted. “National” high 
purity graphite was specified for the first reactors 
built because of excellent moderating properties 
and low neutron capture cross section. Its addi- 
tional properties assure an ever widening range 
of applications in the nuclear industry. 


Paleo 


aarrire 


MODERATOR 
REFLECTOR 

SHIELDING 

THERMAL COLUMN 
MOLDS AND CRUCIBLES 


GRAPHITE 


Most important of these is graphite’s ability to 
withstand the increasingly higher reactor tem- 
peratures. Also, it is safe to handle . . . is easily 
machined and fabricated . . . possesses outstanding 
corrosion resistance and embodies the high purity 
demanded by many atomic energy applications. 

A product of the largest and most experi- 
enced producer of fabricated carbon and graphite, 
“National” graphite is readily available in many 
different grades, shapes and dimensions for spe- 
cific atomic energy requirements. 


These important technical publications are yours for the 
asking. Just write on your company letterhead for your 
copy of “The Production and Properties of Graphite 
for Reactors” and for Catalog Section S-4905, “Nationa! 
Graphite for Atomic Energy Applications.” 


The term “National” is @ registered trade-mark of Union Carbide and Carbon Corporation 


; 
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NATIONAL CARBON COMPANY ~ A Division of Union Carbide and Carbon Corporation + 30 East 42nd Street, New York 17, N.Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto 
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UNIVERSITY OF CALIFORNIA RADIATION LABORATORY ° Berkeley 
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At UCRL’s Livermore, California, 
linear accelerator designed to deliver 250 ma of 3.6 Mev protons or 


Could you help advance these 


New techniques...new equipment...new knowledge—all are 
n constant growth at Livermore and Berkeley, California as some 
f America’s most challenging nuclear frontiers are met and passed 


| by the University of California Radiation Laboratory’s unique 
scientist-engineer task force teams. 


There are many such teams. And what you can do as a member, 
is limited only by yourself—your ability and your interest. 

For UCRL is directed and staffed by some of America’s 
most outstanding scientists and engineers. This group offers 
pioneering knowledge in nuclear research—today’s most expansive 
facilities in that field...and wide-open opportunities to do 


what has never been done before. 


F YOU are &@ MECHANICAL OF ELEC- 
| TRONICS ENGINEER, you may be in- 
volved in a project in any one of 
ny interesting fields, as a basic 
member of the task force assigned each 
esearch problem. Your major contribu- 
n will be to design and test the nec- 
ssary equipment, which calls for skill 
t improvising and the requisite imagi- 
tiveness to solve a broad scope of con- 
tently unfamiliar and novel problems. 


if you are a CHEMIST Or CHEMICAL 
ENGINEER, you will work on investiga- 
in radiochemistry, physical and 
rganic chemistry and analytical 
hemistry. The chemical engineer is 
particularly concerned with the prob- 
lems of nuclear rocket propulsion, 
weapons and reactors. 
If you are a PHYSICIST Or MATHEMA- 
TICIAN you may be involved in such 
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fields of theoretical and experimental 
physics as weapons design, nuclear 


rockets, nuclear emulsions, scientific 
photography (including work in the 
new field of shock hydrodynamics), 


reaction history, critical assembly 


LIVERMORE, CALIFORNIA 


projects and 


opportunities, 


My fields of interest are 


new frontiers? 


DIRECTOR OF PROFESSIONAL PERSONNEL 61-2 


UNIVERSITY OF CALIFORNIA RADIATION LABORATORY 


Please send me complete information describing UCRL facilities, 





Livermore 


~ 


—* = 





interior view of drift tubes in high-current 
7.8 Mev deuterons 








nuclear physics, high current linear 





accelerator research, and the controlled 
release of thermonuclear energy 





In addition, you will be encouraged 
to explore fundamental problems of 
your own choosing and to publish your 
findings in the open literature 






And for your family—there’s pleas- 
ant living to be had in Northern Cali- 
fornia’s sunny, smog-free Livermore 
Valley, near excellent shopping centers, 
schools and the many cultural attrac- 
tions of the San Francisco Bay Area. 

















You can help develop 
tomorrow—at UCRL today 





Send for complete information on the 
facilities, work, personnel plans and 
benefits and the good living your family 
can enjoy RI 
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Greenleaf to Handle Market 
Development of Zirconium 
And Titanium for U.S.I. 


William C. Greenleaf 
has been named Man- 
ager of Metals Devel- 
opment for U.S.I. and 
will be responsible for 
market development 
and sales of zirconium 
and titanium sponge, 
to be produced from 
U.S.1.’s two new plants 
now being built in 
Ashtabula, Ohio. 

A recognized author- 
ity in the field of zirconium and titanium, 
Mr. Greenleaf presented three papers during 
the 1955 Atomic Industrial Forum Zirconium 
Program, describing (1) melting of zirconium, 
(2) fabrication of and (3) zir- 
conium mill products and prices. He also con- 
veloped processes now in general 
use for producing both wide-sheet and flat-bar 
titanium and zirconium by continuous strip- 
mill te« 


zirconium, 


ceived and de 


hniques. 


Faye Named Manager of 
Sodium Product Sales 


Martin Fave has been 
named Manager of 
Sodium Product Sales 
for | 
responsible for coordi- 
nating sales and sales 
promotional activities 
for metallic 
a PMs 
acid and related prod- 
ucts 
Mr 
U.S.1 
tillers or in the Market Re- 


search and Development Department. 


S.1. and will be 


sodium, 
Isosebacic” 


Faye joined the 
National Dis- 


ganization in 1952 





é TECHNICAL DEVELOPMENTS 














Information about manufacturers of these 
may be obtained by writing the 
Editor, U.S1. Chemical News. 


items 


tilable is re 
conductivity 
vated temper 
tor commu- 
strength is 


need ity is 6 of copper. No.1193 


A zirconium-copper alloy : 
wit 
¢ 


Titanium wire cloth is the market in 
sizes fr 60 mesh to coa ades. It is re- 
ported to be particu suitable for filtering or 
scree 3 highly corrosive materidis No. 1197 








Zirconium and Titanium Lick 
Roughest Corrosion Problems 


Metals to be Available at Lower Cost in Future; 
Provide Long-Lived Materials of Construction; 
Complement Each Other on Corrosion Resistance 


It is now practical to fabricate equipment which is corrosion-resistant to almog 
every substance encountered in industry, by using either zirconium or titanium 


metal. Alloys of either metal, or possibly both, 
may extend the range even further. 

Industrial applications of these metals have 
been hampered by two considerations: avail 
ability and price. Zirconium will shortly be 
produced at a rate sufficient to supply indus- 
trial needs, and titanium has been available to 
industry during the past two years. And it is 
expected that increased production of these 
metals during the next few years will result 
in significant price decreases. 

Twelve to thirteen thousand tons of titanium 
were available in 1956 and present construc- 
tion schedules indicate that the figure will 
rise substantially in 1957. U.S.I.’s new plant 
alone will add 5,000 tons to the annual pro- 


duction capacity by the end of the year. 





Typical Corrosion Resistances* of Zirconium and Titanium 


Zirconium will be on the market in quantity 
by mid-1957. When its new plant at Ashtabula 
Ohio gets under way, U.S.I. will be able : 
supply 500,000 pounds or more per year \ 
commercial users in addition to its Aton 
Energy Commission commitments of 1,000.00 
pounds per year. 


New Metals Economical 

Chemical process equipment can now be 
fabricated from titanium for a little over twice 
the price of stainless steel, and it is expect 
that in the future titanium equipment » 
be only 50-75% higher than stainless. ( 
mercial grade zirconium equipment will ; 
ably be priced only 75-100% higher 
stainless when volume production is reac! 





Corrosive Media 


Zirconium 


Metal Resistance 


Titanium 

















Sulferi Acid 


excellent to good 


good below 5‘ 


below 80% 


Nitric Acid 
Hydrochloric Acid 
Phosphori: Acid 


excellent 
excellent 


excellent to fair 


| excellent 
| good below 10‘ 
poor 


below 85‘ c 


| excellent 
poor 

poor 
excellent 


Chromic AY id 

Aqua Regia 

Wet Chlorine Gas 
Chlorine Water 
Sodium Hydroxide 
Ferric Chloride 
Calcium Chloride 
Cupric Chloride 
Sodium Chloride 
Ammonium Chloride 
Aluminum Chloride 


| poor 
| excellent 
poor 


excellent 


excellent 
excellent 


good below 90% 


excellent to good 
excellent 

| excellent 

| excellent 

good below 50‘ 
excellent 
excellent 
excellent 
excellent 
excellent 
excellent to fair 





*Above data do not cover all conditions because of space limitations. Literature ref« 


may be obtained by writing the Editor, U.S.1. Chemical News, 99 Park Ave., N. Y. 16, \ 


\ 








DUSTRIAL CHEMICALS CO. 


Division of National Distillers Products Corporation 


99 Park Avenue, New York 16, N. Y 





Atlanta * Baltimore 





U.S.1. SALES OFFICES 


Boston * Buffalo * Chicago * Cincinnat 


Cleveland * Dallas * Detroit * Houston * Indianapolis * Kansas City, Mo 
Los Angeles * Louisville * Minneapolis * Nashville * New Orleons 
New York * Philadelphia * Pittsburgh * Portland, Ore. * St. lo 
Salt Lake City * San Francisco * 


$s 
Seattle | 
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his improved Cenco 








: 
; 
a 
; 


For drying, embedding, moisture determination and 
similar laboratory operations, this oven provides the 
most satisfactory and dependable means available. It 
may be set for automatic regulation from approximately 
room temperature to 210°C. Precision of control is plus 
or minus 1° at 100°C. The oven is ruggedly constructed 
and insulation is extra heavy. Heating elements com- 
pletely surround the chamber insuring uniform heat dis- 
tribution. Where low pressure procedures are required, a 
vacuum chamber is available for inserting into the oven. 

No. 95051 Cenco Cylindrical Oven, 
115-230 volt, 50-60 cycles, $165.00. 





cence 
ee ce Central Scientific Company 


The most complete line of 
| scientific instruments and lab- 1736 IRVING PARK ROAD, CHICAGO 13, ILLINOIS 


| oratory supplies in the world 
BRANCHES AND OFFICES—CHICAGO + NEWARK » BOSTON « BIRMINGHAM « DETROIT 
SANTA CLARA « LOS ANGELES « REFINERY SUPPLY COMPANY—TULSA + HOUSTON 
CENTRAL SCIENTIFIC CO. OF CANADA, LTD.—TORONTO « MONTREAL » VANCOUVER + OTTAWA 
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Latest Design Data 


on Radiation Shielding Propertie 
of MALLORY 1000 Metal 


When you are designing radiation shields for atomic research, radioactiv: isoto 
source containers, or similar applications in nucleonies, you can find valyahj 
information on the unique characteristics of Mallory 1000 in this new Bulletiy 


A product of Mallory’s extensive experience in specialized metallurgy, Mall 
1000 is a high density powder alloy of tungsten, nickel and copper. It has sy} 
stantially higher efficiency than lead for absorbing radiation. 


This versatile metal is also widely used for gyroscope rotors and for counterweights 

Its combination of high density and excellent mechanical strength offer moq 

compact mass than ever before practical. It is corrosion resistant, readily machin 
. and is available in many forms, including slabs up to 6” by 15”. 


Write to Mallory today for a copy of the Bulletin, and for 
a consultation on application to your specific problem. 


Test data in the new Bulletin show the ‘: 
layer thickness of Mallory 1000 compared witl 
ead ee tron, concrete, aluminum and water. Absorption coeff 
_ = are listed for various isotopes. Also shown is a curve 
_ characteristics for Mallory 1000 after neutron radiation. 


In Canada, made and sold by Johnson Matthey & Mallory, Lid., Expect more ..« .get more from 


110 Industry Street, Toronto 15, Ontario. 





Serving Industry with These Products: 
Electromechanical — Resistors * Switches © Tuning Devices © Vibrators 


Electrochemical — Capacitors ® Mercury and Zinc- Carbon Batteries 
Metallurgical— Contacts * Special Metals © Welding Materials 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio. 
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his versatile “muscle-man’’ handles delicate 
or heavy duty equipment with equal ease 





Heavy-duty and delicate operations within a hot lab are adroitly performed with the General Mills Mechanical 
Arm. For special requirements, telescopic or television viewing gives the versatile device nearly limitless ‘reach.’ 


General Mills Mechanical Arm 


performs hazardous human tasks remotely. 


his easily controlled electro-mechanical 
bot magnifies many times the strength and 
lexterity of its human operator in radioac- 
volatile, toxic or other lethal areas. It 

ts and carries 750-pound loads, but also 
indles delicate laboratory equipment with 
ke agility. Unlike the human arm, its wrists 
turn continuously, and it will maintain 

y position or gripping force for unlimited 
eriods. Adaptable to any installation re- 
rements, it can be mounted on a crane or 
hicle to provide complete, remote mobility. 


GET MORE FACTS—SEND FOR BOOKLET 
Write: Dept. N-2, Mechanical Division, 
General Mills, 1620 Central Ave. N.E., 

Minneapolis 13, Minn. 


“*Finger”’ grip may be 
varied from a soft, 
delicate squeeze to a 
clamp force of 150 
pounds. Numerous 
special grasping de- 
vices are available 





This “hook” is used 
for carrying and lift- 
ing or for holding 
some types of tools. 
It and the jaws are 
easily interchange- 
able remotely 





Coordinated pistol- 
grip handles permit a 
natural movement 
which quickly be 
comes instinctive 
Visual-audio signals 
indicate grip force 


MECHANICAL Division or General Mills 


CREATIVE RESEARCH AND DEVELOPMENT + PRECISION ENGINEERING AND PRODUCTION 
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INTO THE OVEN GOES A CANNED MOTOR PUMP ROTOR. THE ROTOR IS DROPPED INTO A CAN WHICH WILL PROTECT ITS VITAL ELECTRICAL PAI 


Here’s why General Electric “cans” 
rotors for leak-tight reactor motors 


NEW 16-TON CANNING OVEN installed at 
G-E's Atomic Motor Plant is used to shrink 
protective cans on canned motor pump rotors. 


For zero-leakage, and protection against 
costly reactor shutdowns, General Elec- 
tric “‘cans” reactor motors. Canning is 
necessary because these motors must oper- 
ate completely submerged in high-pres- 
sure, high-temperature, radioactive water. 
It’s here . . . in this new 16-ton oven... 
that a stainless steel can is ‘“‘shrunk’’ on 
the rotor of the reactor pump motor. 
Precision controlled manufacturing tech- 
niques help provide the longer life and 
reliability demanded of motors pumping 
reactor coolant water. 


Installation of this oven is only a small 
part of General Electric’s atomic motor 
production program. Last year the Small 
A-C Motor & Generator Department 
began to enlarge its facilities for engineer- 
ing, testing, and manufacturing elec- 
tromagnetic and canned motor pumps. 
The entire project is now nearing com- 
pletion. G-E engineers, backed by spe- 
cialized manufacturing facilities, can 
adapt electromagnetic or canned motor 
pumps to your reactor requirements. 96-1 


P.O. Box 1064 

Schenectady 5, N. Y. 

Small A-C Motor & Generator Dep! 
General Electric Company 


Please send me free bulletins giving mo 
information on electromagnet 
canned motor pumps. 


GEA-6557-—Electromagnetic Pumps 
GEA-6558—Canned Motor Pumps 


NAME 
ADDRESS —___ 


CITY & STATE— 


mi _____ 


Progress /s Our Most /mportant Product 


GENERAL @ ELECTRIC 
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A Guest Editorial 





EBWR 


RGONNE National Laboratory begins this month 

the test operation of a new nuclear reactor for the 
generation of electric power—the Experimental Boil- 
ing Water Reactor. 

On February 9, 1957, 20 months from actual start 
of construction of the boiling water reactor and power 
plant, Chairman Lewis L. Strauss of AEC threw the 
switch putting the 5,000-kilowatt generator ‘‘on the 
line’ supplying power to the laboratory distribution 
system. 

The simple ceremony marked the start of a long 
and rigorous test of the boiling water system to pro- 
vide the data necessary for the design, construction 
and operation of industrial reactors of this type for 
the generation of electric power. 

The EBWR is a developmental project. It is 
designed and built for experimental purposes. It is 
a complete power plant only because a complete sys- 
tem is required to obtain the data required to evaluate 
fully the indicated merits of the principle of boiling 
water in a reactor vessel to provide steam directly to 
a turbine. 

The purpose of the immediate test program is to 
prove out the stability of the boiling reactor and to 
determine the complexity of the maintenance prob- 
lem related to the direct flow of steam from reactor 
vessel to turbine. 

EBWR is the first reactor in the western world con- 
eived, designed and built solely for the purpose of 
conducting experiments on the generation of electric 
power for peacetime purposes. It is the first of its 
type, except for the experimental Borax assemblies 
employed in its development. 


HE EBWR is but one—the first in operation—of a 
T growing family of experimental systems being 
tried out in the United States to find the most prac- 
tical and economically sound means of harnessing the 
energy in the atom’s nucleus to do man’s work. Its 
place in the broad spectrum of power development 
projects being sponsored or backed by the U. 8S. 
Atomic Energy Commission will not be known for 
many months—not until EBWR as well as the other 
projects have been exhaustively tested. 

The program launched in 1954 by AEC is begin- 
ning to mature. EBWR will be followed by the 
Sodium-Graphite Reactor Experiment, the full-scale 
Pressurized Water Reactor at Shippingport, the 
Homogeneous Reactor Test at Oak Ridge, and the 


second version of the Experimental Breeder Reactor 

A second series of developmental projects is under 
way—the Organic Moderated Reactor, the Liquid 
Metal Fueled Reactor, the Closed-Cycle Gas-Tur- 
bine Reactor, and the Heavy-Water-Moderated Reac- 
tor for power generation. The listing of all these 
types provides a clear definition of the purpose and 
scope of the United States program for the develop- 
ment of nuclear power. 

Some of the basic designs of these reactors will be 
employed in full scale power projects even before the 
experimental models are completed. The boiling 
water system already is being carried to 22,000 kilo- 
watts in the design of the Elk River Rural Electri 
Cooperative reactor and to 180,000 kilowatts in the 
Dresden plant of Commonwealth Edison and its 
associated companies. 

The pressurized water principle has been tested in 
the Nautilus and is being built into a large central! 
station plant at Shippingport. Two other large scale 
plants—Consolidated Edison at Indian Point, N. ¥ 
and Yankee Atomic Electric at Rowe, Mass.—will 
use pressurized water reactors. 

The fast-breeder design is to be carried to 100,000 
kilowatts in the Power Reactor Development Com- 
pany plant near Monroe, Mich. Pennsylvania Power 
and Light Company plans to build a homogeneous 
reactor of central station size. 


UT THE selection of basic designs for full scale try- 
B out does not imply that these designs are the fina! 
word. These projects merely demonstrate the tech- 
nological and industrial initiative of the nation 
Years of work remain to be done before conclusions 
can be reached as to the preferred systems for the 
long term utilization of nuclear fuels as an energy 
source. But when that work is done, we will know 
the best way—or ways—to extract the energy of the 
nucleus and put it into form for use in the homes and 
factories of America and the world. 

EBWR is a step forward. It is truly and wholly 
fueled with atoms for peace. We at Argonne believe 
it is an important step forward and are grateful for 
the opportunity before us to carry on work of such 
promise 


—Norman Hilberry 
Acting Director 
Argonne National Laboratory 
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Instrumentation 
and Controls 


for HRT 


Here's a description of the over-all system for 
control of the HRT as well as the components 
that make it up. In particular several 
temperature, level, and pressure transmitters 


are described in detail 


By D. S. TOOMB, Jr. 


Oak R loge Nationa Laboratory, Oak Ridge, l'ennessee 



































FIG. 1. 


Basic flow sheet for HRT. Heavy lines show fuel flow 


THE INHERENT STABILITY of t 
ous homogeneous reactor syste 
inates the need for control « 
rods, Control functions are px 
by valves which regulate the { 
centration and the rate of st 
moval from the heat exchang: 
The instrumentation and 
system for the Homogeneous Reagt 
Test (1-3), the second expe 
aqueous homogeneous reacto! 
constructed under the AEC ; 
for the evaluation of power 
was heavily influenced by the ne 
extreme reliability. All com 
exposed to the process fluid ar 
lutely leaktight and resistant t 
levels of nuclear radiation. Sp 
liquid-level transmitters have be 
veloped for use under the react 
erating conditions, and all-weld« 
struction was used broadly 


Basic Flow Sheet 


Figure 1 indicates the bas 
sheet for HRT. Heat is gene: 
the 32-in.-diameter core vesse 
sion. Steam from the heat excha 
goes to a turbine generator (or t 
air-cooled condenser at powel! 
above the rating of the turbine 
shown are the circulating pum; 
circulates the fuel at 400 gpm; a 
electrically heated pressurizer t! 
vents boiling in the circulating st 
and whose vapor space pro 
surge volume to damp re: 
excursions, 

Also shown is a secondary 
consisting of gas and entrained 
removed from the main stream | 
gas separator; this gas-liquid 1 
flows to the low-pressure dum 
and gas recombiners through the 
down valve. The liquid loss fr 
high-pressure system is mad 
continuous feed-pump operatio! 

The blanket flow system is id 
but circulates a different fluid 
water at 230 gpm during initia 
tion, fertile material later). 

The 60-in.-i.d. blanket vess« 
signed to withstand the 2,000-; 
erating pressure. But the 


* A homogeneous nuclear react 
in which the fuel material is eve 
persed throughout the moderator 
ferentiated from reactors using 80 
elements. Aqueous homogeneous r 
are desirable because the fluid state 
fuel and the properties of light and 
water as a moderator permit the desis 
system with high power density a 
fuel inventory. 


February, 1957 - NUCLEONIG 














onium-alloy core vessel has a 
wer pressure rating, since the 
lanket differential pressure is 
ed and is also limited by rup- 
~ Use of a thin core vessel 
es absorption of neutrons pass- 
the blanket region.) 
Key Control Loops 
ops for HRT, shown in Fig. 3, 
the following: 
Core pressure is controlled at 2,000 
sensed pressure by the propor- 
ning of power to the pressurizer elec- 
the blanket pressure is 
y controlled by a core-to-blan- 


iters ; 


fferential-pressure signal. 
Pressurizer liquid level is controlled 
sensed level by pneumatic control 
(Electric control 
ns from the signals from pneu- 
transmitters and transducers are 
Sole- 
|-actuated pilot valves provide elec- 
nterlock control of the pneumatic 


he letdown valve. 


rived from pressure switches. 


gnals to final control elements.) 
Reactor power is controlled by tur- 
e-governor (or manual) signal to a 
e throttling steam from the core 
eat exchanger. Because of the large 
egative temperature coefficient and 
low heat capacity, this reactor sys- 
cannot produce more heat than is 
eing removed, except for very short 
es. Heat is removed by opening 
steam throttling valve, which 
ises a decrease in the temperature of 
fuel leaving the heat exchanger. 
the negative temperature 
the this cooler 
entering the core causes an in- 


ause 0 
efficient of system, 
se in reactivity and the fuel is re- 
uted until it overcomes the excess 
tivity. 


Average core temperature is con- 


y varying the concentration of 
That is, the circulat- 


fuel solution. 
solution can be concentrated 


ited Dy 


Hg iCl 
pumping water or more 
entrated fuel to the reactor core. 
nominal core outlet temperature 
the design Mw of 
s being produced is 300° C, and 
nlet temperature is about 250° C. 
niet and outlet temperature will 
with the power extraction, while 


power of 5 


verage temperature is a function 

of fuel concentration. 

Blanket temperature is controlled 
gnal, derived from the difference 
rage core and blanket tempera- 

at operates the steam valve of 


inket heat exchanger. 
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FIG. 2. Main control board and console for HRT 


Pressure 
Switches 






Control 
circuit 











Circuloting pump 


Pressure 
Switches 






Pulsofeeder 
pump 





FIG. 3. Key control loops 


Plant Layout 
The reactor equipment exposed to 
solu- 


25-ft- 


the radioactive fuel and blanket 


tions is located in a 54 X 31 
deep steel tank lining an excavation. 
The top of this tank is flush with the 

} 
and 


ground level for 


building floor 


economy in shielding. Conduits and 


piping from this reactor cell enter un- 


derground auxiliary-system galleries 
through a 5%4-ft side shielding tank 
How- 


room and the 


filled with aggregate and water. 

ever, the main control 

steam equipment are above ground. 
The reactor cell tank is normally held 





Price Tag 


Approximately $400,000 was spent for 
labor and materials for the HRT instru- 
mentation and control systems; this was 
about 15% of the plant costs. Materials 
costs were about $100,000 for valves and 
vulve operators and $100,000 for instruments 
and electrical control equipment. 





at a pressure of U 5 atm, so that, in the 
very remote possibility of a brittle fail 
ure of the reactor vessel, the pressuré 
rise would be limited to that wl 

The 5-ft 


thick concrete roof shielding plugs 


be contained by the tank 


removable for remote maintenance 
operations. 

All process and instrument es 
through the shield wall are blocke 
valves on signal of high shield pressure 


to prevent the escape Ol radioar { 


Electrical leads are sealed by glass-t 
metal seals. 

Thermocouple, electrical 
lines can be disconnected by remote 


operated tools for equipment repair 
removal. 

All critical core and blanket system 
transmitters, except electrical level 
transmitters and thermocouples, are 


shielded 


cubicles located adjacent to but out- 
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located in two instrument 


























High level -~ : 
tap 

















vara IMs 
FIG. 4, 


tank. The in- 
ite d 


vertical 


ctor 
in these 5-ft- 
tanks to 
ng the main tank to replace 


were 


15-ft-l ng 


provide a location for 
could 


from the 


which 
rotected 


water-flooding of the main tank during 


nents 


operations, and to 
How- 


and 


remote maintenance 


minimize radiation exposure. 


ever the cubicles are sealed 

shielded to the same 

the reactor tank 
The cell air monitors, which will pro- 


requirements as 


ide an alarm in case of a leak of radio- 
active vapor from the reactor system, 
are installed in one of these instrument 


cubicles. Cell air is circulated through 
ipe from the reactor tank, past 
and then back 
is sized so that 


cell air to 


a 2-in. p 
the en 
to the cell The blower 


losed monitors 


onlv 5 see is required for 
reach the radiation monitors. 
The neutron-sensing elements that 


supply signals to the radiation meter- 


nstruments are located in two 


liameter and two 3-in.-diameter 
tube thimbles.”’ 


located in a 30-in.-diam- 


aluminum These 
are, in turn 
eter cylinder-26 ft long, which slopes 
ust outside the 


ym through the 5-ft- 


down from 


diagonally 


main cont ro 
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Displacement-type pressurizer-level transmitter 


Bellows seo! weld-—— 


FIG. 5. 


thick sand-and-water radiation shield 


into the main reactor cell. The cham- 
filled 
for shielding and for ready withdrawal 
The 30-in. 


filled with lead shot and water to re- 


ber ‘“‘thimbles” are with water 


or positioning. cylinder is 
duce the gamma irradiation of the neu- 


tron-sensing elements 


Design Features 


Interesting design features of the in- 
strumentation and controls system in- 
clude the following: 

(a) Key transmitters are duplicated. 
Signals from electrical transmitters are 
converted to 3- to 15-psi pneumatic 
signals by transducers. The output 
of the unit not controlling is displayed 
A valve 
into 


on an adjacent receiver gage. 


allows either signal to be fed 


the controller. Plug-in pneumatic re- 
corders and controllers are used, and 


an air switch allows the 


manually controlled while the control- 


loop to be 
ler is being replaced. Pneumatic trans- 
mitters are used in control loops affect- 
ing plant safety because an inexpensive, 
reliable emergency control air system, 
in the event of power or compressor 
failure, is provided by nitrogen cylin- 
ders. The supply is adequate for an 
orderly shutdown. 


Backseoting stem._ 


Letdown valve. 


— Spring looc 


adjustmen: 


f~""" Exhoust 
T° @ir port 








a Secondary cocking 


L. 


mks Leak detecting top 


> 





—-~ Stellite No.6 plug 


Action shown is air to open 


b) A 48-v d-e supply from | 
is used for control-circuit power 
for the operation of key pilot s 
valves controlling the air to 
valves. 

ce) During power operation 
nal 300-kva turbine-generator 
by reactor steam will be used t 
vide current for sustained ope! 

d) The critical dump cir 
pilot solenoid valves may be chi 
during operation by a test pane! S 
noid valves in this circuit are als 
licated. Ifa bona-fide dump sig! 
curs during this test, the test sig 
are overridden. 

(e) All electrical and therm 
leads are insulated with inorga 
sulations, such as, “ Fiberglas 
nesium oxide, and porcelain t 
the deteriorating radiation effect 


Nuclear Instrumentation 


Nuclear instrumentation in 
is relatively conventional, consis 
monitors for process leaks and ¢ 
area radioactivity us well as 
level in the core. 

The gamma monitors for det 
process leaks, consist of a sim 
tube, three-decade logarithmic 
fier sealed within the chamber: 
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remote contact-making meter 
These de- 
can be checked remotely by ex- 
the 
on of a solenoid-operated shield- 
itter. All channels are dupli- 
and control action is initiated 
signal 
both channels to minimize false 


iltipoint recorder.* 


a radioactive source on 


upon a simultaneous 


ns.” However, a signal from 
channel is annunciated. 
monitoring control areas for per- 
protection, more stable and 
rate vibrating-condenser types of 
trometers are used. 

Neutron-level transmitters are two 
Westinghouse fission chambers and two 
mma-compensated ionization cham- 
ORNL. They are 
entional in design and use and will 


s designed by 


t be dest ribed here. 


Control Panels 
The main control board and console 
Fig. 2) contain only those instruments 
cessary for the safe operation of the 
eactor. Switches and controls on the 
msole itself are restricted to those nec- 
ry for nuclear startup, steady-state 
All 


tems are arranged in a “visual aid’”’ 


wer operation, and emergency. 


wm to reduce operational errors and 
to facilitate the training of operators. 
lhe graphic section 1s essentially a sim- 

fied schematic representation of the 
hemical process flow sheet, with in- 
struments, control switches, and valve- 
position indicators located in positions 
orresponding to their location or func- 
tion in the actual system. 

Annunciators are placed in the con- 
trol board directly above that instru- 
ment or that portion of the system on 
the graphic board with which their 
signal is associated. 

Key measurements are displayed on 

full seale’’ recorders in the center sec- 
tion of the panel and include the fuel 
temperature, a multipoint temperature 
recorder, the multiarea radiation moni- 
toring recorder, the reactor power, the 
neutron-level and count- 
and the blanket- 
temperature recorder. 

The patch panel on the extreme left 
is a “jumper board,” which is a sche- 
matic representation of the electrical 
ontrol circuits. Provision is made for 
jumping certain individual contacts in 
the control circuit with a plug, and 
there are lights to indicate the position 


logarithmic 


rate-meter signals, 


* Manufactured by the Victoreen Instru- 
ment Co., Cleveland, Ohio. 
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—open or closed—of the contact in the 
The board is 
making control-circuits alterations nec- 
essary for experiments, as 
familiarizing operators with the elee- 
trical control circuitry, and, since the 
lights indicate contact position, as an 
The 


jumper board is tlaced on the main 


system. valuable for 


an aid in 


operations aid during startup. 


control board so that any jumper is in 
full view of the operator and cannot 
Protec- 


tion for sustained power operation is 


become a forgotten clip lead. 


also offered by the removal of startup 
circuits from control. 

Data-collection instruments and the 
miniature 
the 
graphic panel are located in an auxil- 
beneath the 
a 548-point 


transducers that drive the 
pneumatic slave recorders on 
iary instrument gallery 
main control room, as are 
thermocouple patch panel, a_ relay 
panel, the nuclear amplifiers, and the 
nuclear instrument power supplies. 
Other panels located near their re- 
spective equipment in the building in- 
clude the steam contro! station, the 
turbine control panel, two sampler con- 
trol panels, and a refrigeration-system 
control station. Standard 


modular cabinets and panels are used 


2-ft-wide 
throughout to facilitate design changes. 


Special Components 
As HRT is similar to 


ical process, the critical instrumenta- 


a fluid chem- 


tion and control are 


liquid-level transmitters, pressure and 


components 


differential-pressure transmitters, and 
the difficulties in- 
volved in replacing or performing main- 


valves. However, 


tenance operations on trans- 


process 


mitters and valves requires that these 
components be extremely reliable 
The design and improvement of these 
elements is an essential part of the de 
velopment of homogeneous reactors. 
The pressurizer-level transmitter 
Fig. 4), developed at ORNL, consists 
float-displacer 


of a 5-in.-long sus 
pended by two helical springs. An 
extension rod above the springs posi- 
tions a magnetic piston in the center of 
a differential transformer. Vibration 
of the float is damped by the action of 
the field from permanent magnets on a 
one-turn copper ring 

In the 


welded 


transmitter the only non- 


closure is the 2,500-psi ring 
unit 
The 


a very de- 


joint flange, which makes the 
amenable to remote replacement 
transmitter is self-draining 
sirable feature in systems containing 
radioactive fluids. Problems not com- 
pletely solved at present are zero shift 
due to modulus changes in the dis- 
placer supporting springs and a change 
in span with fluid density changes 
both effects « 


pensated at a constant operating tem- 


However, ‘an be com- 


perature. ‘Constant’’-modulus spring 
alloys used to date are not flat over the 
temperature from ambient to 
340° C and require a corrosion-resist 
ant gold plating. 

A similar type of level transmitter is 


range 


used on the fuel and blanket system 
storage tanks and has a design pressure 
of 500 psi. It differs in that it has a 
40-in.-long float and is damped by the 
interaction of two moving vanes at 
tached to the float and a baffle attached 
to the housing 


The letdown valve (Fig. 5) inc 


7-——— Pressure connection 


= 
i 


a 


Weld seal = 
! 


--— Magnetic piston 
with ss sheath 

















FIG. 6. Absolute pressure transmitter capable of withstanding severe overranging 
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FIG. 7. Pneumatic-transmission differ- 
ential-pressure cell employing a bellows 
sensing element 


rates a two-section, three-ply stainless- 
steel sealing bellows, an integral forged 
347 stainless-steel seat, and a stellite 
No. 6 plug. The mechanically formed 
bellows plies are each 0.0085-in. thick. 
The valve operator is all metallic so as 
to be radiation resistant; it uses a bel- 
lows to produce the linear shaft motion. 
The shaft is also sealed with a bellows 
to prevent air leakage into the evacu- 
ated reactor equipment cell. 

The 2,500-psi 
service with tiie flow introduced under 
the the downstream 
pressure is limited to 500 psi by the 
The valve strokes 4¢ in. 
has a C, of 0.1 


* 


valve,* is rated for 


seat: howevel! 
bellows seal 
and The secondary 


packing seal is graphited asbestos. 
The re 
effective 


mum of 60 psi al 


versible operator? has a 50-in.? 
area and ist ited lor a maxi- 
but 
larger valvet designed for on-off service. 
This 


of 10 


The dump valve is a similar 
valve strokes 5¢ in. and has a C, 

The trim material and sealing 
bellows are the same as those used in 
the letdown valve. The larger oper- 
ator has a two-ply 321 stainless-steel 
bellows with an effective area of 68 in.? 
and is rated for 80-psi actuating air 
pressure. 

The absolute-pressure transmitter 
shown in Fig. 6 is a weld-sealed electric- 
transmission type with an operating 
range of 0-300 in. of water but is capa- 
ble of withstanding 
2,000 psi. 
vided & by the convoluted diaphragm 
backup flange, which limits the dia- 


overranging to 
Overrange protection is pro- 


* Supplied by The Fulton-Sylphon Divi- 
tobertshaw-Fulton Controls Co. 

t Supplied by The Annin Co 

t Valve and operator were supplied by 
The Fulton-Sylphon Division 


810n, 


> | These 
Foxboro Co 
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units were supplied by The 


phragm motion. Such instruments 
may be overranged from dumps, when 
the contents of the high-pressure sys- 
tem are rapidly emptied into the stor- 
age tanks. Specifications include 
140° F operating temperature, 1 mv/v 
output, 3% accuracy, and 347 stainless 


fluids. 
Differential-pressure cells with similar 


steel in contact with process 
design are also utilized. 

Figure 7 illustrates a 3- to 15-psi out- 
put differen- 


tial-pressure cell§ which uses a bellows 


pheumatic-transmission 


sensing element and an all-welded flex- 
ure tube seal. The range of the cell is 
+50 psi with an overrange rating of 
+100 psi. 
sure of the cell, is 4,000 psi. 


The housing design pres- 
The unit 
is completely weld-sealed and fabri- 
cated from 347 stainless steel 

Float switches of the type used for 
high or low liquid-level alarm** also 
all-weld The 


switch is tripped by the action of the 


have seals. mercury 
moving magnetic piston on a perma- 
All parts exposed to the 
process fluid or its vapors are stainless 
steel. The control is rated for 600-psi 
service. 


nent magnet. 


Another pneumatic pressure trans- 
mittertf has a range of 0-3,000 psi. 
Specifications provide for overrange to 
3,750 psig, operating temperature of 
140° F, hysteresis of 
tivity of 
stainless steel element. 


+15 psi, sensi- 


t3 psi, and weld-sealed 347 


interlocks 


Extensive protective interlocking of 
the controls circuits is provided to pre- 
vent unsafe operating conditions. 
However, flexibility of operation is pro- 
vided by the “‘jumper board”’ to facili- 
tate 
conditions. 

Examples of interlocked systems in- 
clude the following: 

Pumping of fuel instead of conden- 
sate to the reactor core is prevented by 
several interlocks that keep the fuel- 
addition valve closed until the core is 
full of condensate and has been heated 
to 200° C. 
consequent pressure surges. 

For the same reason the fuel pump 


special experimental operating 


This prevents power and 
I I 


is started in reverse to provide a low 
flow rate as protection against pumping 
cold solution too rapidly from the heat 
exchanger into the core. 


§ Supplied by The Foxboro Co. 
** Supplied by Magnetrol In« 
tt This transmitter was supplied com- 


plete by The Taylor Instrument Companies. 


To avoid dangerous thermal s 
the control circuits do not pe: 
pumping of cold feed water i 
heat exchangers until the level j 
50%. 

To give smooth startup, t 
injection pump can only run 
speed up to a temperature of 24 

The fuel feed valve will be clos: 
the concentration in the fuel 
will be lowered by injecting con 
if the core outlet temperature be 
excessive, if the circulating pum; 
or if the power level exceeds nor: 

The contents of the high-p: 
systems will be automatically empt 
to the low-pressure storage 
through the 
of extremely high pressure, or a 
ation leak into the steam system 
ferential-pressure control betwee: 
core and blanket systems during 


‘dump” valves on a sig 


dump is by off-on control of 
from a differential-pressure signa 
Inventory Systems 

For obtaining an accurate invent 


of the fuel and 
as required for accountability purpose: 


moderator solutions 


with special nuclear materials, the sto 
age and condensate tanks are weigh 
This v 


found to be the only feasible met! 


with pneumatic weigh cells. 


measuring the liquid in the 16-ft 


15-in.-diameter horizontal storag 
tanks necessary because of criticalit 
considerations. A 


and space 


matic system was selected prin 
because taring can be done remot 
with balancing air pressures and 
ponents are less susceptible to rad 
damage. 

Piping to the tanks is kept fle» 
to compensate for the varying 


which result from thermal expans 


by confining piping runs to horizo 


planes with ‘“‘L”’ and ‘‘U” bends 


lines. 
* * * 
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FIG. 1. Typical nuclear-power test loop showing points where sensing elements gather data. 
Quantities monitored in the reactor are neutron flux (NF), temperature (T), average of reactor inlet 


and outlet temperatures (Ta), and fuel-element-“meat" temperature (Tm) 


Data-Handling System 
for Nuclear-Power Tests 


Automatic data reduction is replacing hand logging and plotting. 


This fast, accurate system gathers transient and steady-state data 


needed for the design of efficient nuclear power plants 


By RAYMOND A. EDWARDS 


Atomic Power Equipment Department, General Electric Company, San Jose, California 


ONE OF THE CHALLENGING aspects of Test facilities as large as the Navy- 
uclear engineering is that a great deal sponsored submarine prototypes justify 
f information has still to be gathered the use of modern data-reduction equip- 
fore standardization or “cookbook” ment. Human operators need never 
plant design can take place. Inter- handle the data until they are printed 
pretation of data from a chart and ona sheet or plotted as curves. Strip- 
ogging of data by an operator are chart recorders, conventional indica- 
time-consuming and subject to error. tors for steady-state data, and multi- 
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channel oscillographs are losing ground 
to advanced methods of data reduction 

A data-reduction system has been de- 
signed for nuclear-power test facilities 
based on information gathered during 
design and operation of three proto- 
types. Depending on their signifi- 
cance, variables are read out in one or 
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TABLE | —Variables That Should Be Recorded on Strip Charts | 


Variable 


Reactor Core 
Bulk-water temperature 
Fuel-rod-meat temperature 
Surface temperature 
Flux measurement 
In-core-boiling detect 
Channel flow 
Fuel-element failure 
Internal structure & interpass 
Temperature 
Pressure 
External mechanical region 
Cooling-coil temperature 
Cooling-coil flow rate 
Internal-mechanisms temperature 
Motor-coil temperature 
Latching-solenoid temperature 
E-xternal-region-of-pressure-vessel temperature 
Top-hat-shielding temperature 
Shield-tank-water temperature (in cooling coils 
Shield-tank-cooling-flow rate 
Power Plant 
Downcomer flow 
Thermocouples in cooling jacket of feed-water- 
cooled components 
Pressurizer-wall-temperature distribution 
Pressurizer steam quality 


No. of Points 


Variable No. of Po nts 
Coolant flow in main-coolant piping 

Coolant pressure in loop 

Steam-generator AT’ 

teactor AT’ 

Downcomer temperature 

Coolant temperature inside steam generator 
Coolant temperature vertical section hot leg 
Coolant temperature vertical section cold leg 
AT vertical section hot leg 

AT vertical section cold leg 
Inlet-isolation-valve-body temperature 
Outlet-isolation-valve-body temperature 
Steam-generator-shell temperature 
Coast-down flow measurement 
Primary-coolant-pump rpm 
Main-coolant-valve piston Ap 

Thermal-trap temperature 

Steam pressure upstream of main turbine 
Steam temperature upstream of main turbine 
Ahead & astern turbine pressure 

Condenser pressure 

Load-absorber torque 

Feedwater pressure 
Turbine-generator-set-condenser pressure 
Throttle-valve position 

Turbine-throttle pressure 

Power input to main pumps 





more of the following 6 sections: high- 


‘What are the significant data to be 


Strip-chart recorders. According 


speed reducer, low-speed reducer, scram 
monitor, wide strip-chart recorders, 12- 
channel oscillograph, and temporary 
portable instruments. Data are all 
ready for feeding to a computer and 
can be stored efficiently so that data 


searches can be quick 


Potential 

There are few limitations to what 
automatic data reduction can accom- 
plish. Performance is limited only by 
the customer’s imagination, his budget, 
and the know-how of the manufacturer 
of the data reducer. System simplic- 
ity will increase as confidence is gained 
in both reactor facilities and related 
The quantity of data re- 
quired will steadily decrease to a rea- 


instruments 


sonable point. This epoch may be 
still 5-10 vears off. 


System Requirements 


A typical power-reactor test loop is 
shown in Fig. 1. On it are indicated 
the points where sensing elements must 
monitor system variables. For such 
a loop there is always the question, 
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recorded?” A final answer is seldom 
available until a detailed plant-test 
program is completed. Still, a 90% 
approximation of necessary recording 
instrumentation can be formed rather 
early in the plant design. If one de- 
signs a flexible system with enough 
room for spare input signals, it is safe 
to proceed with the equipment 

Basic considerations. Several im- 
portant matters should be considered 
at the outset: (1) Flexibility in the sys- 
tem must allow for instrument rear- 
rangement and system expansion. (2) 
A standard input signal for the majority 
of the variables must be chosen early in 
the planning. Inputs of 0-20, 0-25, or 
0-50 millivolts are convenient, for 
there are amplifiers that can be con- 
nected to pressure and Ap transmitters 
and ionization chambers to produce 
linear millivolt outputs. (3) One must 
choose the form in which the data will 
appear on the final readout device; 
that is, in millivolts or directly in terms 
of the variables. (4) If a computer is 
available, readout on compatible mag- 
netic tape or punched cards is desirable. 


to present information, the variables 
Table 1 are important enough to bx 
continuously recorded on wide strij 
chart recorders. If these variables ar 
desired for transient data, they ca! 
fed simultaneously into the high-spe 
data reducer. 

Data reducers. All other requ 
data, as listed in Table 2, are recorde 
in either the low-speed or high-spe« 
reducers. In general the high-spe 
unit is totally engaged in recording re- 
actor information and a few variables 
in the heat exchangers. Little em; 
sis is placed on determining the p 
formance of a single component duri! 
plant operation. Such informati: 
gathered prior to prototype startu) 
component-testing facilities. If single 
component tests are necessary dur 
plant operation, temporary portable 
instrumentation is provided. The re- 
actor is the one exception to this policy 

It can be seen that much of the liste 
data is relevant to the performance: 
the steam generators. This has | 
found necessary for the following 
sons: (1) Due to the reactor’s faster 
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it output, the thermal stresses 
heat much 
than in presently operating 
lants 2) Since the coolants 
generally corrosive to the pri- 
stem, the heat exchangers must 
(3) More 
data on heat exchangers than 


exchangers are 


tantly monitored. 
tilable will permit us to choose 
s of the units more accurately. 
hangers have been oversized 
ich as 50 % to insure plant per- 
e. Since compactness is im- 
n nuclear power plants, accu- 
ng 1s important. 
test 
accumulate a greater amount 


ear-power facilities will 
urate data on heat exchangers 
is been amassed in the last 25 


f conventional power-plant 


SYSTEM DETAILS 
[he data-reduction system is shown 
e block diagram of Fig. 2. The 
rding and monitoring panel records 
strip charts all variables of interest 
The 
data reducer gives operations a 
The 


m monitor constantly scans at high 


perations and design groups. 
ed log of 300 plant variables. 
significant scram-circuit signals 


oast-down information. The fast 
icer is to record transient data and 


other “instantaneous” data that may 
be required for the IBM 704 computer. 


Display Panel 

A U-shaped panel for displaying the 
information in the 
Figure 3 is a plan view of all the record- 
ing equipment. It will 
the panel is divided into the following 
health physics, reactor, pri- 


system is ideal. 


be seen that 


sections: 
mary 
mechanical components. 

Readout is 
side-lighted name plates or 
lighted-filament tubes. 


coolant, steam system, and 


accomplished with 
Inditron 
Equipment to 
accomplish the readout is generally 
a self-balancing potentiometer and a 
digitizer or an integrating voltmeter. 
A console desk associated with the 
panel serves as a communications cen- 
ter. On it there are a telephone, inter- 
system, 
marker button, and annunciator-reset 
button. 
tor on which the operator can dial any 


com interval timer, time- 


Another feature is an indica- 


plant temperature. 

A scroll on the console desk allows 
the operator to scan operational graphs, 
This elimi- 


pasting 


calibration curves, ete. 


nates the necessity of such 
charts on the test panel. 

A useful adjunct to the panel is a 
centrally located graphic representation 
of the plant such as Fig. 1. The read- 


out points for the most important vari- 
ables are marked on this layout, par- 
ticularly for the use of operations per- 
sonnel and visitors. From the points 
of view of both information and poli- 
tics, a useful piece of information to 
display with the layout is reactor full- 
power hours. 

The panel should be designed so that 
modules holding from one to three re- 
corders can be removed by merely 
Experience shows 


loosening fasteners. 
that test facilities suffer many changes 
to the panel, usually resulting in addi- 


tion of instruments as well as rearrange- 
ment. Removable sliding doors at the 
back of the cubicles are superior to 
hinged doors in the cramped spaces of 


test sites. 


Strip-Chart Recorders 

Wide strip-chart recorders are pre- 
ferred over all others. Operations peo- 
ple prefer round charts, but those are 
getting data 


Operations’ chief objection to strip 


not good for accurate 
charts is that a single day’s operation is 
fiot visible as a unit. To compromise 
the chart speed is slowed to 1 in./hr, 
with some change gears available for 
faster chart speeds when specific tests 
Plant 
generally run from separate panels, but 


require them. operations are 


it is convenient for the operators to 


TABLE 2 —Variables That Should Be Fed to Fast and Slow Reducers 


Variable 


Health Physics 


rea fixed gamma monitor above reactor 


shielding 


borne particle gaseous monitor, maneuvering 


area 


\rea fixed neutron monitor above reactor 


shielding 


\rea particle and gaseous monitor, ventilation 


exhaust 


Reactor 

eriod level 10-*-10-*% power level 
eriod level 0-150% power level 
unt rate 10-*-10-*% power level 
near level 10-*-100% power level 
near level 0-150% power level 
og-neutron-level recorder 
ontrol-rod-position precision indicator 
ontrol-rod-position recorder 

Reaetor temperatures 

\p, reactor (total) 

Reactor inlet and outlet temperatures 
\p, reactor interpass (if applicable) 

Neutron flux distribution 


No. of Points 
Primary Coolant 


Variable 


No. of Points 


Flow measurements in core 


Primary-coolant flow 


applicable 


Pressurizer pressure 


Pressurizer liquid level and temperature (if 


Pressurizer spray flow rate and spray-flow-inlet 


Steam Generator 


Steam-generator-inlet and -outlet temperatures 
Superheater-inlet temperature (if applicable 
Ap across steam-generator system 

Feedwater flow rate 

Steam-drum liquid level 


Steam flow 


Steam-drum pressure 

Feedwater temperature and drum temperature 
Steam flow to main turbine 

Steam flow to steam condenser (heat sink 
Steam temperature at turbine throttle valve 


Power Equipment 


Main-turbine rpm 


temperature (if applicable) 


Nm tw N WN NW te 


—~—— 1 


Turbine-generator-set output (if applicable) 


Cooling-water-flow rate to rod-drive mechanism 
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FIG, 2. Block diagram of data-reduc- 
tion system in operation. Computer is 
not inventoried as part of system 


check the results of their transient 


maneuvers on the strip ret orders. 

tecorders should have _ solenoid- 
actuated time-pulse markers operated 
single button at a 


Markers that type the time on charts 


from a console. 
are inconvenient, for this equipment 
hides about 20% of the chart. Another 
feature the recorders should have is a 
range-suppression switch to allow full- 
scale pen travel for about four equal 
segments of the input. This is gener- 
ally easy if the full-scale input was 
initially 4—5 millivolts or more. 

Scales marked 0-100 are preferred, 
for exact ranges are known only late in 
Moreover range 
suppression makes impossible the use 


the project’s design. 
of an exact scale marking. 


Fast Reducer 
A typical 
shown in Fig. 4. 


high-speed reducer is 
the transient-data 
a test facility is a com- 
In a plant maneuver, 100—- 
150 points are of interest. Requests 
are common to scan all of them in 449 
requiring a speed of 2,000-3,000 
The transient lasts 
about 214 min, the length of a flow- 
decay period. Another use for the fast 
reducer is to obtain “instantaneous”’ 
readings of its 100-150 points at 1-min 
or 5-min intervals in ordinary oper- 
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Final design of 
recorder for 


promise 


sec 


points per sec. 


ation. It soon becomes impractical to 
For 


reasons of handling, storage, economy, 


record and store so many data. 


and reliability the scanning speed must 
De- 
pendability of systems with rates above 


be reduced to a reasonable value. 


600 points/sec is a moot question among 
manufacturers of such equipment. 
Computers that are comparable with 
the IBM 650 are usually required at nu- 
Thus the data 
should be recorded in a form compatible 
with the computer. Magnetic tape 
that can be fed to an IBM 704 is ad- 
visable. A tape-to-card converter can 
be used with an IBM 650. 
Linearization of inputs from thermo- 


clear testing facilities. 


couples should be done in the computer 
instead of the data 
capable of handling both linear and 


making reducer 
nonlinear signals. 

Other features recommended for the 
data reducer are (1) time markers every 
0.01, 0.1, or 1 sec as desired, (2) a cali- 
bration signal to check system accu- 
racy, (3) variable scanning speed, (4) 
plug-in relay circuits, (5) plug-in signal- 
check points, and (6) coding to prevent 
data mixup. 


Slow Reducer 

The main value of the low-speed data 
reducer is to make unnecessary hand 
logging of data and to provide at all 
times a typed log of general-perform- 
It can also check the high- 
speed unit. Operation is continuous 
during startup and on a half-hour or 
one-hour printout basis otherwise. 


ance data. 


Calibration 
bench 


Dota-handling 
desk 


y 
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FIG. 3. 
gram of Fig. 2 





Pian view of recording equipment. 


The design is generally ea 
that of the high-speed unit. 
speed is about one point/sec. 
on the typewritten log is di 
terms of the variable. As in t 
speed unit, such features as 
time, calibration signals, varia 
ning speed, and operation on 
are included. Point-eliminate 
bank-eliminate switches are co: 
when the number of inputs begins 
be too great. Low-speed loggers 
these plants are sometimes burder, 
with as many as 300-500 points 


Scram Monitor 

Scram circuits to cause reactor s 
down are a constant source of cor 
After a reactor scrams, the quest 
immediately arises: What circuit 


ewll 

sabl 
stead 
cystel 
the scram and what happened 
The scram 
swers that question. 

The monitors th 
circuits as well as important plant \ 
ables at a speed of about 100 points/s 


viriny 
shutdown? monitor 


instrument 


Data are recorded on a continuous mag 
netic tape in analog form. The tape 
constantly erased. Hows 
24g minutes each of printed and 
printed tape are on both sides of th 
If a scram occurs, tl 
erasing mechanism stops, and the coast 
down is recorded. 


being 


recording head. 


Patch Panel 

A programming patch panel gives 
high degree of flexibility to the re 
ing facilities. It permits easy trans‘ 


Steam- 
system 
section 


Primory- 
coolant 
section 





. . Temperoture- 
mdicating onc 
operations 
console desk 








Health -phy 
section 





Reactor 
section 


Legends key cabinets to block dio- 
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ling of variables from one 
to another—e.g., panel to high- 
ducer or high-speed reducer to 
d reducer, Space limita- 
event use of conventional tele- 
ype jack panels. It is not 
to be handling over 1,200 vari- 
such a test facility. 
p-in patchboards are used to 
ile the into the data 
s. Upper left and lower right 
the 
esignals. The upper right quad- 
ynnects to the low-speed reducer, 
lower left goes to the high- 
init. A spare board permits 
ring for the next test. It is ad- 
to use a 2-wire patchcord in- 


etc. 


variables 


nts of boards contain in- 


of a single-wire one as in other 

This incorrect 
g of polarized inputs such as those 
thermocouples. In wiring the 
| a close check must be made to 
Pressure, tem- 
radiation channels are 


eliminates 


jumbled points. 
rature, and 
nterchangeable. 

a central data-reduction system 

es for several prototypes, push- 

tton actuation of relay banks should 

msidered to switch in and out the 
its from various prototypes. 


Oscillographs 


ven with all of this data-recording 
iipment it is seldom satisfactory to 
responsible engineers to have all 
transient data recorded “blind”; 
tis, on tape. Significant channels 
e fed also into a high-impedance pen- 
pe oscillograph so engineers can have 
over-all view of trends of critical 
iriables during a transient. Twelve 
imnels are considered sufficient. 
The attitudes of engineers dictate 
need of parallel recording systems 
h as oscillographs and strip-chart 
wders. As a rule they want to 
see” the transient while itis occurring. 
lutside of the instrument engineers few 
eve that their data will be success- 
illy recorded on the magnetic tape. 
Vhen this human bottleneck has been 
oken, the use of chart recorders can 
greatly 
iminated. 


restricted and _ possibly 


Personnel 
The attitude of management, gener- 
governed by unfamiliarity with 
equipment, is usually a great 
bling block. Two of their most 
quent statements are, “It sounds 
f you can get it to work,” and 
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“What do we do with all the data?” 
It may be pointed out that the aircraft 
industry automatic 
reduction equipment for the last 8 or 


has used data- 
9 years. 

We have two suggestions to reduce 
(1) Raise the level of oper- 
ators who will handle this equipment 


many ills: 


to at least second-year-college people. 
Second-year-high-school-level oper- 
ators do not operate IBM computers 
or simulator equipment. The 
plexity of data-reduction equipment is 
about the same as that of a computer 
or simulator. (2) Raise 
maintenance men to a level equal to 


com- 


instrument- 


the operators’. 


Cost 

Data-recording equipment for a nu- 
clear-power test facility can be ex- 
pected to cost $250,000 300,000—a bout 
15% of the total instrument budget. 
This cost is not 
consider that the plant will cost about 
$20-million that a 
equivalent to an IBM 704 generally 
handles the data 


unreasonable if you 


and computer 


from such a plant. 
The recording instruments and data 
handling should not be the weak links 
—the sources of errors. 

The cost of this instrumentation and 
the quantity of personnel required to 
produce it have always been considered 
high. A rule of thumb for the instru- 
ment cost in process chemical plants is 
that it is generally 6-10% of over-all 
expense. For test facilities, however, 
instrument are There 
are large test facilities where instru- 
ments represent 25% of a total invest- 
ment of $i0-million. Instrumentation 
in an early nuclear power plant cost 
about 5% of the total. This includes 
operational well as 


costs higher. 


instruments as 


High-speed data reducer used in studying prototype reactor 


prototype-testing and operational 
instruments, 
Cost of 


down about as follows 


recording facilities breaks 


$ 70,000 
40,000 
90 000 
20,000 


Panel 

Low -speed reducer 
High-speed reducer 
Scram monitor 
12-channel pen- 
10,000 
3,000 


$233,000 


type oscillograph 
Console 


TOTAL 


Also required are thermocouples, pres- 
sure and Ap transmitters, and ionization 
The 


of each can vary so much from system 


chambers. types and numbers 
to system that it is inaccurate to guess 
the cost of each group. However, ex- 
perience shows that this equipment 
may exceed the expense of the record- 
ing equipment by as much as a factor 
of four. 

An indication of the expense involved 
in supplying sensing elements and re- 
lated electronics to provide suitable 


signals in the steam plant is as follows 
$10,000 


6,000 
SUU 


65 temperatures 
8 pressure drops 
1 liquid level 

12 pressures 
2 flow rates 2,600 

500 


$29. 500 


4.600 


1 conductivity 


TOTAL 


These costs may seem high, but they 
are standard for transient instrumenta- 
tion. It must be remembered that this 
$30,000 worth of instruments is in only 
the steam-generation part of the plant 

Other systems such as the primary- 
coolant system and the reactor are even 
more highly instrumented and requir 
costlier instruments because of strin- 
gent safety requirements. 
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Activity Transport in 
Sodium-Cooled Systems 


Radioactivity induced in stainless steel and transported in the 


coolant stream can limit access to parts of a reactor system. 


Transfer rates are particularly sensitive to temperature and oxides. 


Barium is an effective inhibitor—1 wt % substantially reduces transport 


By FRED G. HAAG 


Knolls 


DESIGN of sodium-cooled reac- 
must be 
given to radioactivity that is created in 


IN THI 
tor systems consideration 
high-flux regions and then transported 
in the sodium stream to other parts of 
the 


pumps 


circuit. In heat exchangers, 
and pipe surfaces external to 
the reactor, there may be enough de- 
posited activity to limit access to these 
parts of the system 

A comprehensive three-year investi- 
gation has been made of atom redis- 
tribution in systems that have sodium 
By means of 
both capsule irradiations and in-pile 
tests the of several 
parameters have been studied: oxide 


flowing in stainless steel. 


loop influences 
concentration, temperature, time, ge- 
and radiation 
flux. The most im- 
portant. In a for inhibitors, 
barium has been found most effective 


stream velocity 


first 


ometry 
two are 
search 


in reducing material transport. 


Basic Considerations 


Migration of quantities of material 
much too small to affect structural 
integrity can still be important if radio- 
activity is involved. Thus we use 
*‘material transport’’ as a more inclu- 
term than The 
processes by which active material is 


sive “‘corrosion.”’ 
transported include errosion and diffu- 
sion, not usually included in corrosion. 

Different 
selectively. 


isotopes are transported 
They are not deposited in 
the same proportions as exist in the 
material from which they come. (See 


Table 1.) 


individual isotopes since accessibility 


It is important to report on 


limitations are more acute for some of 
them than 

For typical sodium-cooled systems 
the radioactivity that builds up on 
inactive components is small. It rep- 
nuisance How- 


for others. 


resents A condition. 


{tomic Power Laboratory, General Electric Company, Schenectady, New York 


ever, the effect may limit accessi! 
if a low oxide content is not maintain 

Structural materials other t 
AISI-347 steel have not been conside; 
to any great extent. The few exp 
ments that have been rua with ferrit 
steel and zirconium have shown 
transfer occurs for these materials 
The rates appear to be less tha 
about the same as.those for aust 
steels (types 304 and 347). 

Since material transfer appears t 
limited by the diffusion rate of 
source of radioactivity, system geo 
try would be expected to be of 1 
importance. This was verified in tests 
Experiments 

Our experiments are of two ki 
The first ones were capsule irradiat 
Later we introduced loop tests to sit 
late reactor conditions more close 

Capsule irradiations. Ear! 


Flow meter 


Pumped- 
Transported sodium ._ 
activity 


loop . 
meosured ~~. 
Irradiotion- 2 a 
9 = 


\zZ 


element - wn Reactor 

“ EE. ) core 
hey a 

py’ (~~ 


Neutron- flux 
region 


"~ “Neutron shielding 
~~ -Reheoter a : 
control “Electromagnetic pump 


“Heat - exchanger coil 





‘Exponsion tonk 
Safety contoiner 


Loop y shield 


Reactor cubicie~ 
FIG. 1. In-pile-loop arrangement for 
tests of transfer rates in sodium systems 
Reactor foce-” 
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4t KAPL and the Naval Re- 
boratory used capsules con- 
ces of slow-neutron-activated 
steel. These were particu- 
il for rapid and economic 
The 
vere filled with sodium, and 
int of radioactivity trans- 
the capsule walls was ob- 


transport parameters. 


Both deposited gross activity 
tivity of individual isotopes 
The importance of 
oxide content was 
ed in these experiments. 
n-pile loop. 

, pump, heaters, and heat ex- 

in a configuration that can be 
liated conveniently in the Mate- 
Testing Reactor (Fig. 1). The 
tire loop assembly is 13 ftlong. The 
t section, located in the high-neutron- 
-gamma-flux region, was maintained 
00° F by electrical and gamma heat- 
The circulating sodium was cooled 

F by a NaK-sodium heat ex- 
ger located at the point of the sys- 
farthest the 
ilation of the 4.8 lb of sodium was 
ut 1.5 ft/sec. 
le concentration was about 10 ppm. 


sured. 


ture and 


The in-pile loop con- 


HUU 


from reactor core. 


gpm or about 2 
ring operation sodium activity was 
proximately 4 c/gm due to neutron 
The test lasted 3,100 hr. 
\!| surfaces of the sodium circuit are 


ation. 


stainless steel. The loop has a 
es of neutron shields to prevent 
tron streaming and subsequent acti- 
tion of the nonradioactive region. 
s is necessary, lor our purpose was 
letermine the extent of activity de- 
sition in the radiation-free zone, and 


ct activation would have obscured 





Deposited Activity 


5 6 
Reciproco! Copsule Temperature « 10% 


( * Ronkine~') 








FIG. 2. With increasing temperature 
the transfer rates increase. The rates 
ore approximately linear with the 
reciprocal of absolute temperature 
plotted here in terms of the absolute 
Fahrenheit scale or degrees Rankine) 
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TABLE 1—Transfer Rates for Isotopes in Stainless Steel 


Apparent 
stainless-steel 
transfer rate 


Il sotope Half-life 


Co® 5.3 yr 0.0032 
Mn* 315 d 0.13 
Ta'* 110 d 0.20 
Fe®® 1606CUd 0.012 
Cr® 26.5d 0.0006 


mg/cm? /mo) 


Individual- 
element Relative 


rate 


(Co I 


transfer rate transfer 


(mg/cm? /mo 
2.7 X 10~ 
2.0 x 10-* 


8.3 xX 1073 
1.0 xX 10-4 





TABLE 2 


Source 

activity 
Isotope (dpm/mg SS) Loop A 
Oxygen concentration (ppm) 99 
Co® 5.5 X& 10° 8.0 KX 10° 1 
Fe®® 2.3 X 107 8 
Ta'® 9.6 XK 10° 7.0 X 10° ¢ 
Mn** 1.2 <X 105 6 


* Average ratio, activity removed in high-oxygen tests /that removed in low 


Activity removed from pipe walls (dpm) 


Loop B 


1 
3X 10° 2.8 
) 


1 X 10* 


Effect of Oxygen Concentration on Transfer Rates 


> 
Re Lalive 
fransfer 


rate* 


Loop C Loop D 


97 32 27 

< 10° 1.2 X 104 2.3 X 10 
<x 107 1.0 K 10° 1 x 10° 
<x 10° 2.5 X 10° 1 x 10° 
1.6 X 10* 


l 
1 
( 


xygen tests 





the experimental results. Two 347 
steel wires extend the length of the 
loop. They were removed after the 
transfer phase and gave a measurement 
of the flux variation and, hence, induced 
activity as a function of position. 

The wire was analyzed radiochemi- 
cally for isotopes that can produce an 
accessibility problem due to radioactiv- 
ity if they transfer in large amounts. 
The important isotopes are created by 
the following reactions: Fe** 
Co*(n,y)Co™®, Cr(n,y)Cr 
(n,y)Ta'®*, and Fe®*(n,p) Mn". 

The manganese activity was not 
recognized as significant prior to the 
in-pile test; the reaction producing it 
occurs only with high-energy neutrons 
(2), and our capsule experiments were 
conducted with samples irradiated in a 
thermal spectrum. 

The importance of Ta'** activity was 
recognized early in the program. Fur- 
ther investigation has shown that this 
activity is burned out by the Ta'® 
(n,y)Ta'** reaction (3). Consequently, 
Ta'*® is now considered less important 
than was first supposed. The exact 
extent of Fe®*(n,p)Mn*™ and Ta'**(n,y) 
Ta'’* formation has not been definitely 
established since the epithermal cross 
sections are still under investigation. 

Transfer rates observed for the in- 
pile loop test are in Table 1. The 
“apparent stainless-steel transfer 


n,¥ )Fe! . 


Ta!®! 


rate’’ is defined as the rate of transfer of 
stainless steel that would transport the 
activity detected for the 
That is, 7 


amount of 
if the 347 
solid solution were to transfer by the 


specified isotope. 


stated amount, the isotope deposition 
would be that measured in the test 
We have taken into account differences 
The AaD- 


parent rates for different isotopes are 


in activation cross sections 


not equal since isotope transport is not 
proportional to concentration in the 
steel. The 
port rates were calculated from the 


individual-element trans- 
apparent stainless-steel rates using the 
known composition of AISI 347 


Transfer-Rate Parameters 

The rates in Table 1 were determined 
in in-pile tests and apply for a typical 
operating condition. Measurement 
was in a low-oxide-content system over! 
a fixed time interval. The test 
such that it was possible to remove 
samples only once, and the expense of 
building duplicate facilities was pro- 
hibitive. Therefore no 
was obtained on the dependence of rate 
with oxide content, time, or other sys- 
tem properties. 

Oxide concentration. In 
experiments oxide content has been 
shown to be the most important trans- 
port variable. The effect of high oxide 
concentration on increasing sodium cor- 
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information 


capsule 





rosion rates has been generally recog- 
nized (4), so it is not surprising that 
atom migration is also dependent on 
the amount of oxide present. 

The experiments on oxygen depend- 
ence were carried out isothermally at 
925° F for 750 hr (6). The sodium was 
mechanically oscillated at an average 
velocity of 0.5 ft/sec. Oxygen level 
was carefully controlled by a diffusion- 
type cold trap. Measurements of the 
oxide content were made on a regular 
basis using sampling apparatus. 

The results of these tests are in Table 
2. Increasing the oxide concentration 
by a 
crease in all transfer rates. 
lar. Co® 


amount 


three causes a large in- 
In particu- 
transfer increases by a large 
the 
transport 


factor ot 


tadioactive cobalt is 
major contributor to the 
radiation level after long operation. 

It follows that low oxygen concentra- 
tion is of utmost importance for sodium- 
cooled reactor systems. Oxygen-con- 
trol techniques have been discussed 
elsewhere (6). 

Sodium temperature. 
ments of deposited activity in a series 
of sodium-filled type-347 capsules have 


Measure- 


shown a dependence on temperature 
7 A section of irradiated AISI-347 
foil was placed in each capsule, which 
then sealed off. The capsules 
held at temperature for one 
month. Then they were removed and 
cut open, and the gross activity de- 
posited on the initially inactive sur- 
faces was measured. The results are 
Fig. 2. The exponential 
nature of the curve shows that the 
mechanism is diffusion controlled. 

Time dependence. A separate ex- 
periment using a 347-stainless-steel 
toroid was run to investigate time de- 
pendence (8). In the experiment the 
toroid was mechanically oscillated to 
induce 15-ft/sec flow. The toroid was 
held at 900° F. Activity transfer was 
measured with a shielded scintillation 
counter over a period of 1,000 hours. 

The results are plotted in Fig. 5. 
The deposition rate is seen to decrease 
with This that rates 
measured after a given transfer time 
will overestimate the amount of trans- 
fer if they are extrapolated linearly 
longer times. 

Velocity. The velocity parameter 
was not studied separately. However, 
the velocity for the other parametric 
studies ranged from 0.1 to 15 ft/sec. 
No significant difference in transfer 
This is 


was 


were 


shown in 


time. means 


rates was noted in this range. 
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to be expected for a solution-rate- 
limited process (9). 
Radiation effects. The effect of 


and irradiation on 


neutron 
crystal structure is to introduce dis- 


gamma 


order. The possibility exists that radi- 
ation will enhance diffusion and thereby 
the rate of transport. For 
example, fast neutrons produce vacan- 


increase 


cies by colliding with regular lattice 
atoms knocking them into in- 
terstitial positions (10). It was felt 
that increasing the vacancy concentra- 


and 


tion might increase diffusion rates. 
The test designed to examine this 
possibility was the in-pile loop experi- 
ment of Fig. 1. The active stainless 
region in this test was subjected to an 
intense neutron flux (~10'*n/em?/sec). 
The transport rates were unchanged. 


Migration Inhibitors 

Almost immediately after the exist- 
ence of atom migration was recognized, 
the possibility of finding an additive to 
suppress the effect 
While tests were being conducted to 
the transfer 
rates, studies were started to find such 
Unfortu- 


was considered. 


refine measurement of 


an additive for sodium. 





be 


ve 


200. 400 600 800 1000 


Tete! Elepsed 


Froction of Radicoctivity Trons- 
ferred per Unit Area (10°?/cm?) 


Time (hr) 











FIG. 3. Transfer rates decrease as 
time increases. Operating conditions 
were: velocity, 15 ft/sec; temperature, 
900° F; oxide concentration, 45 ppm 











Average Deposited Rodiooctivity (mr/hr) 


‘ 1 i A 
# 12 24 36 
Elopsed Operating Time (months) 














FIG.” 4. Transported activities calcu- 
lated for a hypothetical reactor coolant 
system. Ordinates are in relative units 


nately the development of ar 
is mainly a trial-and-error p 
Inhibition is probably due 
bination of two mechanisms: 
of sodium oxide concentrat 
plating out on the pipe surfac: 
duce a barrier against exc! 
active and inactive isotopes. 
It has been shown that 
small differences in oxygen co: 
tion produce large changes in | 
(5). The importance of low 
concentration was used as 
guide for inhibitor selectic 
ments that would tend to 
getters for sodium monoxicd 
selected for testing. Other cons 
ations were the requirements impos 
by sodium-system compatibility 
additive must be soluble to pr 
plugging. Prevention 
parasitic neutron capture requires t 
it have a low neutron-absorption 


of excess 


section. Radioisotopes formed du 
reactor operation cannot be too act 
Low-energy gamma emission and s| 
half-life were preferred from cons 
ations of biological harmfulness 
A series of experimental loops 
the numerous in! 
(11). The 
rectangular, 18 in. high and 10 
4-in. bend 


built to scan 
possibilities loops we 
wide with a radius 
bay of each loop was heated to 1,000° 
along the vertical length. The ot 
half was maintained at ~800° | 
reducing the amount of insu! 
The radioactive source was locate 
the hot zone and tabs of metal t 
receivers were placed in the cold zo1 

Al wt % concentration of a p: 
ing inhibitor was added to eac! 
Natural 
maintained in each test for a pe! 
one month. At the end of this t 
the receiver tabs were removed 
counted. The magnitude of the 
posited activity was compared t 
found in control runs. 

The results of the tests are in Ta 
3. The initial and final oxide « 
trations are also given along wit 
free energy of formation of the 
There appears to 


convection circulatior 


‘ 


tive oxide. 
correlation 
and inhibitor effectiveness. 1 
probably because of partial depe 


between oxide re 


on barrier formation. 

Since barium appears to be th: 
promising additive, a more refin 
was run, again with 1 wt % of ! 
The test ran 1,700 hr with a source t 
perature of 900° F. Sodium w: 
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circulated by an electromag- 
p. Results are in Table 4. 
ynal tests indicate that bar- 
tive can be made compatible 
im-system operation. How- 
ore barium additions can be 
nded, it will be necessary to 
strate a workable technique for 
¢ barium-oxide formations. 
hibitor-development program 
given low emphasis after it became 
ent that atom migration would not 
ice a difficult radioactive accessi- 
y problem under normal conditions. 
eed for an inhibitor is limited to 
ms that must operate for long 
s and under conditions that may 
elerate material transport. 


Reactor Systems 
[he results of the parametric experi- 
ts can be used to formulate a model 
extrapolation of transport results to 
i] systems. The following as- 
ptions are justified by the data: 
o. Rate of transport is invariant 
flow velocity. 
tate of transport is invariant 
deposition-area temperature. 
Buildup of activity is uniform 
respect to system geometry. 
Buildup with time. An extremely 
assumption was made 
t the deposition rate does not vary 
time. The time-dependence data 
e not reproducible enough to formu- 
in analytical expression for them. 
th our assumption we can write 
t Ap, the activity due toa particular 
tope deposited outside the reactor, is 


servative 


scribed by 
dA,/dt = RA,a — Ap (1) 


ere Ap is in dps, a is area exposed to 
sodium in the reactor (cem?), 

s activity of the isotope (dps/gm of 
niess steel), R is apparent stainless- 
transfer rate (gm/cm2/sec), ¢ is 
sed operating time for the reactor 
, and X is the decay con- 
t for the radioactive species (sec). 


stem (sec 


Che activity of the species in the re- 


ris given by 
A,=A,, (2) 


re Ay mex is ultimate activity of the 
es (dps/gm of steel). 
lhe solution to 1 and 2 is 


Ra 
=— A 


A 


(1 — e*! — Ate) 
(3) 
These equations serve to illustrate 
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TABLE 3—Comparison of Inhibitor Effectiveness 


Oxygen concentration (ppm) 


Inhibitor initial final 


Barium 

Strontium 

Calcium 

Titanium 

Antimony 

Magnesium 

Cerium 

Tin : 14 
Nickel 28 78 
Beryllium 23 75 
Cesium 38 58 
Chromium 19 26 
Sodium 


Free energy of 
oxide formation Inhibition 


(k cal/mole/O atom effect* 


82 
71 


90 


* Factor by which transfer is suppressed relative to pure sodium 





TABLE 4—Transfer Rates with 1 wt % Barium Additive 


Source 

activity 
Isotope (dpm/gm SS 
Ta'® 4X 104 
Mn" 3.3 X 108 
Fe*® .8 x 10" 
Cr®! 3 xX 10" 
Co® 2 x 10° 


Deposited 
achivity 
dpm /cm? 


Reduction factor 


rate in transfer 


Transfer 
(mg/cm? /mo rate 


10 





the general method used for extrapola- 
tion. Further 
to assign a time dependence to R in 
Eq. 1 and to include the effect of sec- 


refinements would be 


ondary capture and parent-atom deple- 
tion in Eq. 2. 

The transported activities calculated 
for a hypothetical reactor coolant sys- 
tem are presented in The 
transfer rates used for calculating the 
amount of deposited activity were the 
in-pile-loop results (Fig. 1 An 80% 
load factor and an active-to-total-area 
ratio of 44 have been assumed, The 
neutron flux was taken as 10'* n/cem? 
The relation between activity 
radiation taken as | 
10* gammas/in?/sec. 


Fig. 4. 


sec. 
and dose was 
mr/hr = 

The curves indicate that after about 
six months, deposited residual radia- 
tion will somewhat limit forty-hour- 
per-week access. After thirty-six 
months the radiation is seen to limit 
access to several hours. However, 
these radiation estimates become ex- 
tremely conservative with increasing 
time since time dependence has been 
neglected. On this basis the 
bility problem resulting from material 


transport is not important. 


accessi- 


7 * 


The work 
under Contract No. 
sored by the AEC, 
successful termination of the 
due primarily to the efforts of W. H. Brugge 
(KAPL . Individuals 
portant technical contributions are J. W 
Mauste'ler (MSA); D. Fieno and R. B 
Spooner (NACA); A. D. Bogard and J. A 
Grand (NRL); H. Pearlman and A. M. Saul 
(NAA); and W. H. Bruggeman, E.G. Brush 
W. C. Judd, W. W. Kendall, and L. P 
Pepkowitz (K APL). 


reported here was carried 
W-31-109-Eng-5 2 
The orderly conduct and 


program was 


spor 


man who made im 
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41 (Mine Safety Appliances Co., 1955) 
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MTR REFLECTOR CORE. 


CRITICAL REACTOR. 


Manufactured by 
Brush Beryllium, Corp., product is typical of 
those to be described at Atomic Exposition 


Aerojet-General 


Nucleonics will demonstrate its AGN- 


201, on public display for the first time 


1957 Nuclear Congress Features 


Three Conferences, Exposition 





Guide to Nucleonics’ 
Congress Coverage 
Conference papers. . .p. 63 
NICB panel details. .p. 107 

Hot lab papers 
Exhibit descriptions. . 
Philadelphia guide. . 











THE MOST COMPREHENSIVE nuclear 
convention ever held in this country 
will take place March 11-15 when the 
1957 Nuclear Congress moves into 
Philadelphia’s Convention Hall. 
Sponsored by more than 20 engineering 
and technical societies representing 
over 300,000 members, the Congress is 
made up of four major events: 
®Second Nuclear Engineering and 
Science Conference will present over 
150 papers in 32 sessions covering an 
extremely wide range of subjects. 
Topics will cover everything from ex- 
ploration for ore to extraction of 
nuclear-fuel materials to adaptation of 
finished reactor products. 

In addition, the American Nuclear 
Society will present the highlights of 
its winter meeting, held Dec. 10-12, 
1956 in Washington, D. C. In a ses- 
sion conducted by ANS president, Dr. 
C. Rogers McCullough, papers will 
cover thermonuclear power, reactor 
theory, experimental reactor kinetics, 


reactor engineering and plant desig 
and engineering problems and 
containment. 

* Third International Atomic Expos 
tion will have exhibits from some 
nuclear industry supply or servic¢ 
For the first time si! 
Geneva conference an operating crit 


panies. 


reactor will be on display to the | 
Aerojet-General Nucleonics, wit 
approval, will run demonstrati 
its AGN-201 which will include : 
isotope activation, danger-co¢ 
and pile-oscillator testing of 1 
and activation analysis. 


® Fifth Hot Laboratories and Equip: 


ment Conference will have 
papers from the designers and « 
of almost all major facilities. 
will include design, operation 
tration; chemical, physical, m: 
and metallurgical equipment 
installations. 

® Fifth Atomic Energy in Industry Con 
ference is being conducted b) N 
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noni 

ex] 
plics 
sider 


Reactor Control and Simulators 
Nuclear Material Resources 
Metallurgy of Reactor Materials 
Heat Transfer and Heat Evolution 


NICB Panels 


Radioisotopes Improve Products 
Prospects for Nuclear Power 1 
Hazards, Safety and Insurance 
New Metals Create New Markets 


Hot Laboratories 
Design, Construction, Operation 


Commercial Reactor Power Programs 
Chemical Processing and Waste Disposal 
Long-Range Outlook for Nuclear Industries 
Safety and Health Problems 


Hot Laboratories 


ANS Meeting Report 


Natural Resources 


NICB Panels 


Het Laboratories 


NICB Panels 


Hot Laboratories 


2:30—4:45 p.m. 


Safety Provisions for Nuclear Ships 
Fuel Cycle thterrelationships 
Disposal of Radioactive Wastes 
Reactor Operation and Maintenance 


Small Components for Reactor Plants 
Control of Fission Products 

Codes for Radiation Protection 
Processing of Spent Aqueous Fuels 


Design of Reactor Cores 

Uranium Metallurgy and Radiation 
instrumentation of Reactor Plants 
Economics of Nuclear Fueling 


1957 Nuclear Congress Program 


9:30—11:45 a.m. 


Containment of Nuclear Systems 
Fuel Production and Recovery 
Protection of Water Supplies 
Educational Use of Reactors 


Fabrication of Nuclear Fuels 
Standards for the Nuclear Field 
Disposal of Radioactive Wastes 
Primary Coolants for Reactors 


Large Components of Nuclear Plants 
Uses of Radiation 

Processing of Nonaqueous Fuels 
Design of Reactor Installations 


Evening 
AIEE Dinner 


AIChE ‘Dinner 
ASME Dinner 


All-Congress 
Banquet 


NICB Dinner 


Metallurgy of Uranium Alloys 
Reactor Instrumentation Development 
Problems Related to Heat Transfer 


New Products Through Radiation 
Prospects for Nuclear Power 2 
Market Potentials in Atomic Energy 
Atomic Energy Legislation 


Operation and Administration 


Atomic Energy Developments Abroad 


Hot Cell Installations 


Specialized Hot Operations 


Chemical and Physical Equipment 
Mechanical Equipment 


tional Industrial Conference Board to 
explore the current and potential ap- 
ations of atomic energy and to con- 
er its economic, social, and political 
ications.”’ 
All Nuclear Congress activities are 
ng coordinated by the Engineers 
nt Council. 
Headquarters hotel for the Congress 
be the Bellevue-Stratford with spe- 
il rooms also reserved at the Sheraton 
| the Ben Franklin. Complete in- 
mation about advance registration 
nd hotel reservations is available from 
f the participating societies or 
the Engineers Joint Council, 
29 W. 39th St., N. Y.18, N.Y. Sepa- 
te registrations will be conducted for 
/f the four major events of the 
ngress, 
lhere will be a special program for 
ves of delegates which includes morn- 
g coffee hours and bus trips to Fair- 
ot Park, Old Philadelphia, and 
ngwood Gardens (du Pont estate). 
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Nuclear Engineering and Science Papers 


Monday, 9:30—11:45 a.m. 


Plant Containment 


Consolidated Edison Containment Sys- 
tem—H. F. Dobel and D. W. Mont- 
gomery, Babcock & Wilcox 

Containment for the EBWR—L. W. 
Fromm and A. Heineman, ANL 

Power Reactor Containment Vessels— 
A. J. Raymo, General Electric 


Fuel Production 


Pilot Plant Studies on Nonaqueous 
Extractive Methods for Western 
Uranium Ores—D. D. Foley, W. A. 
Meeley and R. B. Filbert, Battelle 

Refining of Uranium Ore Concentrates— 
D. 8S. Arnold and B. G. Ryle, 
National Lead 

Use of a Fluidized Bed Process for the 
Production of Green Salt (UF.)— 
N. Levitz, ANL 

Uranium Recovery at the Oak Ridge 
Gaseous Diffusion Plant—R. J. 
Clouse, J. Dykstra and B. H. 
Thompson, Union Carbide Nuclear 


Uranyl Ammonium Phosphate Process 
for Recovery of Uranium 
MgF, Slag Scrap E. R. Johnson, 
E. O. Rutenkroger, A. B. Kreuz- 
mann and B. C. Doumas, Nationa 
Lead 

Methods 
Metal 


from 


for Production of Thorium 
0. C. Dean, ORNL 


Water-Supply Protection 


Radioactive Tracers in the Field of Sani- 
tary Engineering—Conrad Straub 
and Richard Hagee, Taft Sanitary 
Engineering 

Stream Surveys for Radioactive Waste 
Control—E. C. Tsivoglou and W. H 
Ingram, Taft Sanitary Engineering, 
and FE. D. Harward, AEC 

Radiochemical Procedures for the Iden- 
tifications of the More Hazardous 
Nuclides—B. Kahn, ORNL, and A 
Goldin, Taft Sanitary Engineering 


continued on p. 100 
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FIG. 1. Cross section of SRE fuel clemen 
Seven 0.790-in.-diameter rods, in trianguley 
lattice, are spaced by spacer wire helicglj, 
wound with 10-in. pitch around periphe;, 
rods. Six immer and six outer chonnels o, 
flow areas between peripheral rods and cente, 
rod and between peripheral rods and coolgny. 
tube wall, respectively. In three entrance 
passages, wire wrap induces flow from oute, 
to inner channels; in exit passages, flow ; 
from inner to outer channels. Passages o;, 
considered to extend full length of element 








Determining Coolant Flow 
in SRE Fuel Elements 


Following CCl:-weighted sawdust photographically and MnCl: chemically 
in water as mock-up coolant, the flow pattern was determined for SRE fuel 


elements. 


By W. J. FREEDE and T. T. SHIMAZAKI 


1iomics International Division, North American Aviation, In 


FLOW CHARACTERISTICS of the Sodium 
Reactor fuel- 
element assembly were determined by 


Experiment seven-rod 


two complementary methods—photo- 
graphing suspended sawdust and fol- 


lowing fi chemi al tracer 


FIG. 2. Side view of fuel-rod cluster. 
Rods are about 8 ft long and held to- 
gether at upper and lower ends. At 
bottom of cluster (upstream end), is 
guide that centers rods in coolant tube 
and orifice plate for controlling flow 
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Experimental results were obtained 
simply, rapidly, and economically with- 
out sacrificing quality. The methods 
may be adapted for other flow distribu- 
related to 


vessels, mixing and combustion cham- 


tion and mixing studies, e.g., 


bers, pumps, and valves. 

Cross section and side views of the 
SRE rod assembly are shown in Figs. 1 
and 2. A number of such elements 
make up the core. The maximum flow 
velocity of sodium coolant through an 


element will be about 5 ft/sec. 


Motion-Picture Studies 

To study flow patterns of the fuel 
element under SRE conditions, it was 
desirable to make high-speed motion 
pictures along various sections of the 
element with solid particles suspended 
in water as the mock-up coolant. The 
water was heated to about 135° F to 
attain a Reynolds number comparable 
to the Reynolds-number 
sodium at reactor temperatures. 

Equipment. A 
plastic tube was installed on a hydraulic 


range for 


transparent Lucite 
loop equipped with a pump, control 


valve, and orifice meter. Inside the 


Results show that coolant mixing is adequate for cooling fuel rods 


, -anoga Park, California 


plastic tube was a full-scale fuel ; 
A Fastax motion picture 
era was placed on a mount app! 
mately 4 ft from the transparent tulx 
and adjusted to photograph 2,00 
2.600 Eight 750R 
candescent lamps provided light 
Neither aluminum flakes no 
thalene particles produced good | 
However, whit 


ment. 


frames/sec. 


graphic results. 
sawdust (16 mesh and sma 
weighted by absorption of 
tetrachloride, was suitable. 
Results. On 
graphic films, an axial eddy c 


viewing the | 


was observed immediately downstre 
from the orifice plate, and one 
gential eddy was seen along th 
surface of the upstream end 
rod, directly downstream from a 
wrap. In addition, considerabl 
ences were noted in particle \ 
at various locations near the upst 
end of the fuel element. Equ 
was apparently established 13-2 
downstream from the upstream « 
the fuel cluster with no indicat 
reverse flow or tangential eddies 
To minimize entrance effects 
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FIG. 3 


chemical tracer 


lesign was altered and location 
hanged to a position further up- 
To eliminate “hot-spot”’ tan- 
eddies along a peripheral-rod 
surface at the 


upstream end, 


ral fuel rods were oriented so 

vire wrap crossed the upstream 

d between adjacent rods rather 

between the rod and the inner sur- 
1e coolant tube. 

0! adequately the center fuel 

nner surfaces of the six periph- 

a definite amount of mixing 

in the inner channels with 

outer channels would be 

That is, 

spiral around the peripheral 

The Fastax 

pictures indicated no measur- 


coolant would 


a sufficient rate. 


tational flow around the rods at 
unce end, but showed stabilized 
flow 18 in. downstream. 
etermine axial and angular flow 
ross the fuel element, an evalu- 
n study was made from the motion 
had been 
| on the film edge by means of 
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Apparatus for determining coolant flow in fuel element by measuring 


a cycle curve; thus, it was possible to 
calculate the time represented by one 
Next, the film was 
jected onto a screen marked with 


film frame pro- 
grid 
The 
number of frames involved in the move- 
ment of 


lines a known distance apart 
a particle between two grid 
lines was counted and the velocities in 
lateral directions 


the axial and were 


calculated. The angle of flow for par- 
ticles near a wire wrap and IS in. down- 
stream from the upstream end of the 
fuel element was determined to be 11 
deg, 18 min. This corresponded to a 
flow pitch of about 13 in. as compared 
to a 10-in. pitch for the wire wrap. 
The angle of flow for particles farther 
away from a wire wrap was less. Con- 
sequently, the average flow pitch was 


decidedly greater than 13 in. 


Coolant-Mixing Studies 


Although the study of particle flow 
indicated a substantial amount of cool- 


ant mixing between channels, and was 
useful for correcting undesirable flow 
features, it was not enough tor a com- 


prehensive heat-transfer analysis 
Two additional experimental ap- 
proaches were considered. 

The first was the use of a SRI 
element in 
internally 


fuel 


which the rods would be 


heated electrically. By 
using water as the coolant, and measur- 
ing surface and local coolant tempera- 
tures, fuel-element heat-transfer char- 
acteristics could be determined 

The second method was a chemical 
mixing procedure in which a chemical 
solution 


would be continuously in- 


jected into the coolant (water) flowing 
into the upstream end of the fuel-ele- 
ment inner channels. By measuring 
the change in chemical concentration 
in the outer channels at various dis 
tances downstream, the degree of cool- 
ant mixing could be determined. Such 
information would provide data ade- 
quate for heat-transfer analysis. Since 
the latter method was simpler and more 
economical, it was used as described in 
the following paragraphs 

Equipment. In performing the 
chemical mixing experiment a number 
of modifications were made on the 
equipment previously employed for the 
high-speed photography of flow parti- 
cles (Fig. 3). 

Instead of circulating water through 
a loop, a fresh supply of softened water 
passed through the fuel element and 
was discarded beyond the orifice flow- 
meter. The transparent plastic tube 
was replaced with seamless steel tubing 
that contained injecting and sampling 
taps. Into each of the six inner chan- 
nels of the fuel element at the upstream 
end was inserted a type 304 stainless 
steel hypodermic tube, 0.049-in. o.d 
and 0.037-in. i.d., for injecting chemical- 
The 


small size of hypodermic tubing min 


tracer solution into the system 


mized flow disturbances 

A concentrated solution of manga- 
nous chloride was employed as the in- 
jection chemical for several reasons 
Due to the oxidation-reduction poten- 
tial of 


would be 


manganous ions, no trouble 


encountered by reactions 
with the carbon and stainless steels, 
copper, or brass of the apparatus. In 
addition, other ions in the softened 
coolant water would not complicate 
analysis of the test solutions (/ 

One brass gear-type pump and a 
hydraulic leg by-pass circuit provided 
continuous, equal, and known pressure 
for the chemical-solution supply line 
Injection pressure on the chemical line 


exceeded coolant stream pressure by 
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Downstream Distance (ft) 


FIG. 4, 
passages. 


Measurements of chemical concentrations in three channels adjoining exit 
In two cases where concentration follows sinusoidal trend, there was 


in. between wire wraps at throat of exit; for third case, where concentration 
irregularly increases downstream, 49 in. separates wire wraps 


distortion from 


Dur- 
manganous 
flowed 
element’s six inne! 


Flow distribution by channel. 

expel ntal run 
ontinuously 
proximately equal 
and chemical flow 
een established, 
re simultaneously 
of the flow 
dead 
While 


being collected from 


outer 
expulsion of 


es and lines 


control sample 
e effluent stream that 
mixed beyond the 
the fuel element 
type of information 
iical mixing tech- 
istrated where the 
the fuel element 
metrically inso- 
rientation was con- 
imple described in 
there was about 
cent wire wraps 


exit passages 


throat 
nearly separated the 


wire wraps in the third 


y exit 
Chann 


passage. 


results. Figure 4 


el-flow 


vs the relative 


hemical concentra- 


rsus distar lownstream for 


ree outel! hanne is 
Not shown are curves for the three 
} 


alternate outer channels characterized 


by entrance Here. two 


ssages 


66 


curves traced a sinusoidal path while the 


third experienced a large initial chemi- 
cal concentration buildup, which irreg- 
ularly decreased downstream. 

With an unbalanced arrangement of 
there 


eripheral fuel rods was no 
| 


ambiguity concerning the change in 


concentration with distance 


vidual 


mean 
downstream for the n outer 


channels other than that the 
end for each 


concen- 


tration at the downstream 


outer channel approached the effluent 


concentration regardiess Oo! its upstream 
concentration histor 
Flow peculiarities investigated. To 


inderstanding nterchannel 


gain an 


flow pe uliarities associated with non- 


symmetrical arrangement of peripheral 


fuel rod wire wraps, chemical injection 


was confined to one inner channel, and 


samples were obtained from all six 


outer channels at various downstream 


locations For each run, the chemical 


was injected into different inne 
channel 

Experimenta! results showed three 
distinct fl 


now 
: 
cluding one 


circuits, in- 
the 


interchanne 
that er 


wire wral] and 


yssed 


igainst 
direction of a moved 
laterally to an adjacent 


It was this particula 


passageway. 
route that 
oncentration in- 


flow 
caused the abnormal « 
crease in Fig.4. As the distance down- 
stream increased and entrance effects 
decreased, substantial changes devel- 
oped in the relative magnitudes of the 
flow 


three circuits that explain the 


differences between the 
curves in Fig. 4. 

Channel flow discussion. 
wire-wrap arrangement, ri 
peripheral rod orientation 
have expected a large init 
in chemical concentration 
the three outer channels ad 
Then, further 
as flow spiraled around the 


passages. 
rods, the three outer chanr 
entrance passages would ex; 
ibnormal concentration incré 
lowing such reasoning, a rh 
and fall in chemical con 


should ensue for each out 
with the amplitude of eacl 
tion surge de¢ reasing as m 
gressed in the downstream 
In addition, the curve pitcl 
crease until equilibrium was est 
after entrance effects were 
The experiment indicated 
eral type of action in four 
Small 


the four sinusoidal curves we 


outer channels. dist 
ently caused by entrance efi 
ations in pitch of wire wrap 
tion eccentric ity of the fuel ¢ 
the coolant tube, which aff 
relative magnitude of interc! 
circuits at various downstr 
Eccentricity of the f 
resulted from small bends 


tions. 


Behavior of chemical con 
in the two remaining outer c] 
not follow a desirable course 
insofar as interchannel mixing 
cerned. Manganous chloride 
injected into the related inne 
did not pass directly int 
channel adjoining the exit h: 
Fig. 4), but 
route that was opposite to the 
Apparently 


wire separation 


or wire wrap 
draw-down resulting from : 


rangement of wire wraps 


1 Sf “LSft-- 
ye ‘ 


fonce 


% of Concenration at 6 ft Dis 


3 s 
Distonce Downstream (ft) 


FIG. 5. Average chemical concer 
for six outer channels 
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passages prevented normal 
ne side of the fuel element. 
t that coolant could travel 
veral inner channels before 
, to an outer channel indicated 
in inner-channel fuel rod sur- 
ght run relatively “hot” in a 
nonsymmetrically arranged 
ents were present. In such a 
wire wrap would act as a flow 
on and could possibly produce 
other forms of undesirable 

ity transverse coolant flow. 
hase of the experimental runs 
balanced fuel element showed 
fow through a passage was en- 
| when the distance between two 
nt wire wraps at the throat of 
passage small. Analysis of 
ndividual outer channels indi- 


was 


that when such a distance was 

<imately 3¢ in., a sufficient flow 

was produced to cool the inner- 
nel region ¢ oncerned. 

Composite coolant mixing. When 
mounts of chemical solution si- 
eously flowed into the upstream 

f the six inner coolant channels, 
mposite chemical concentration 
ges in the six outer coolant chan- 
at various downstream locations 
resented the composite amount of 
int mixing for the fuel element. 

\ plot of the average chemical con- 

tration in six outer channels versus 

tance downstream is shown in Fig. 5 
the distance between adjacent 

wraps in three passages was ap- 
igin. Theaveragechemi- 
meentration curve suggested by 


“imately 


lata is a sinusoidal curve with de- 
ising amplitude and increasing mean 
nate with distance downstream. 
As with the for individual 
nnels, the composite curve was in- 


curves 


ed by the rotational flow caused 
The 
rage pitch of these rotational flows 
bout 1.5 ft, except in the first 18 in. 
the fuel element where the pitch is 
eater. This indicated less composite 
tational flow at the entrance (up- 
tream) end of the fuel element than 
High-speed mo- 
pictures taken during the initial 
periment indicated that the nature 
i the flow was as surmised here. 
To relate chemical! mixing character- 
s to effective coolant mixing from a 
various 
were de- 


the helically wound wire wrap. 


rther downstream. 


eat-transfer standpoint, 
athematical expressions 

1(2). From such equations, a plot 
‘ss made for percentage effective cool- 
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FIG. 6. Effective coolant 
flow pitch in fuel element 


mixing vs 


ant mixing versus flow pitch (Fig. 6) 
For a flow pitch of 1.5 ft, the effective 
coolant mixing would be 93.5%. In 
the initial 18 in. along the fuel element, 
the flow pitch was of the order of 3 ft 
for which effective coolant mixing 
would be 85%. Thus, the flow-pitch 
data indicated that the effective coolant 
mixing was less at the entrance (up- 
stream) end of the fuel element than at 
points downstream. Over the entire 
length of the fuel element, an average 
composite effective mixing of 90% indi- 
cated by the calculated curve is shown 
to be in correlation with experimental 
data plotted in Fig. 5. 

Heat-transfer analysis (2) showed 
that effective 
coolant mixing was necessary for proper 


a range of 90-95% in 


cooling of the center fuel rod at the 
region of maximum neutron flux. Since 
heat generated at the upstream end of 
the fuel element will be 
less than that produced 2-6 ft down- 


appreciably 


stream and the coolant will be at lower 


temperatures, the smaller degree of 
coolant mixing at the entrance end was 
considered adequate. 

gathered indicated that 


the percent of effective coolant mixing 


Evidence 


could be varied over a range by regu- 
lating the distance between adjacent 
wire wraps in the “exit” and “en- 


trance” passages. In addition, it was 
shown that composite coolant mixing 
for an unbalanced fuel element might 
be adequate, although certain flow 
peculiarities associated with individual 
channels should be avoided. 


Conclusions 

To summarize these studies: 

1. The coolant flow between an inner 
and outer channel of a fue! element was 


influenced by the distance between ad- 
jacent wire wraps at the throat of the 
When 


the distance was relatively small, the 


passage joining the channels. 


flow seemed to be enhanced. 

2. The amount of coolant flow be- 
tween an inner and outer channel Was 
also influenced by wire-wrap orienta- 
tions in the adjacent and alternate 
passages. Variations in pitch of wire 
wrap and eccentricity of the fuel ele- 
ment in the coolant tube apparently 
also had an effect on flow stream dis 
tribution through the fuel element 

3. When the orientation of perip! 
eral fuel rods was unbalanced insofar 
as the wire-wrap positions were con 
lateral flow 
several inner channels resulted 


throug! 
The 


cross flow was apparently caused by 


cerned, 


cross 


pressure draw-down occasioned by 
flow 
exit passage than through the corre 


greater amount of through one 


sponding alternate passage 

4. In the case of a nonsymmetricall) 
fuel 
lateral cross flow 
to that of a 
was possible that small eddies or areas 


have 


rezion 


arranged element, inner-channe! 
moved in a direction 
contrary wire wrap. It 


of relatively stagnant flow may 


resulted in the inner-channel 
affected since the wire wrap involved 
acted as an obstacle to the flow. Su 
lateral cross flow was therefore not 
beneficial. 

5. Undesirable lateral cross flow in 
the inner-channel regions may be mini- 
mized by orienting the peripheral fuel 
rods in such a manner that the wire- 
wrap positions on alternate peripheral 
rods are identical. 

6. To 


along a peripheral-rod outer surface at 


eliminate tangential eddies 
the upstream end, peripheral fuel rods 
should so that the 


wires cross the upstream end of the rods 


be oriented wrap 
in the vicinity of an outer channel be- 
tween two adjacent rods rather than 
where a fuel-rod surface is close to the 
inner surface of the coolant tube 

7. Experimental results indicate that 
sufficient effective coolant 
the SRE fuel element 
attained, at the 
employed, for adequate cooling of the 


mixing fo! 
tested can be 


turbulent flow rate 


center fuel rod and inner surfaces of 
the peripheral rods. 
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FIG. 1. 
irradiation facility. 
are placed in stainless-steel bucket 


“Dry-hole” installation for Co®® 
Up to 1-liter samples 
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How Radiation Affects Organics 
in Solvent Extraction of Fuel 


In tributyl-phosphate—naphtha extraction systems for recovering U, Pu, and Th 


from irradiated fuels, solvent radiation damage is noticeable at 0.5 watt- 


hr/liter. 


AN IMPORTANT FACTOR in reprocessing 
nuclear reactor fuels by solvent extrac- 
tion is the radiation damage to process 
reagents, especially in the case of fuels 
only slightly decayed, where the fission- 
product radiation is very intense. The 
chemical changes produced by radi- 
ation are sufficient to affect the per- 
formance, and even the feasibility, of 
some solvent extraction processes used 
to recover uranium and other materials 
from fuels. This 
article summarizes the results of ex- 


irradiated reactor 
ploratory radiation-damage studies on 
naphtha-type diluents and mixtures of 
the diluent with tributyl phosphate, an 
organic compound useful in solvent 
extraction. The irradiation facility 
was the dry hole shown in Fig. 1. 


Fission-Product Radiation 


The magnitude of radiation damage 
in chemical processing depends on the 
nature and concentration of radioactiv- 
ity and the length of time process re- 
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By J. H. GOODE 
Chemical Technology 
Oak Ridge x Tennessee 


agents are exposed to the radiation. 
In the processing of reactor fuel con- 
taining fission products, the @ activity 
generally produces more chemical dam- 
age than the y, since the @ activity is 
almost totally absorbed in the process 
materials. Damage resulting from ab- 
sorption of a-radiation is similar to that 
resulting from 8, since absorption of 
a@ radiation is complete in a few milli- 
meters. In all three types of radiation, 
excitation and ionization produce the 
chemical damage. 

A useful plot of the specifie power 
(watts/gm) of 6-radiation from gross 
fission products is presented in Fig. 2. 
Although of limited accuracy, the plot 
can be used in estimating the 8-activity 
power present when uranium or other 
fuels are separated from gross fission 
The plot 
irradiation 


products in any process 
that a 
period with a short decay period leads 


emphasizes brief 
to a high specific power for the gross 


fission products. (A correction factor 


Division, Oak Ridae 


However, the process is not seriously affected below 20 watt-hr/liter 


\ ational Labor atlory 


of 0.8 was included in the values 

in Fig. 2 to account for the abs 
the activity due to the volatile fiss 
product gases from most 
processing solutions.) 

The specific radiation pow: 
calculated from the disinteg 
schemes, of radioisotopes en 
in processing varies greatly 
1). Although the specific act 
long-half-life isotopes is low 
damage can be great when hig! 
centrated materials are processed, es 
cially in the case of alpha emitters 

It can be calculated from pu! 
that the 


power density in possible solvent 


data gross-fission 
traction feed solutions from pow: 
tor fuels might be as much 
watts/liter, after 10 days’ deca 
suming a 6-min residence ti! 
extraction column, the organ 
could receive a radiation dos 
watt-hr/liter. A 60-day deca 
would decrease the dosage b 
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0 but would increase inven- 





adiation Source 

Tributy] phosphate-naphtha solvent 
extractant for 
plutonium, and thorium (1 


- been used as an 


A number of experiments have 
, conducted at ORNL to determine 
» effects of radiation damage to this 
-ivent system. A ‘dry hole,” in- 
led in a Co® y source located in a 
rage canal at ORNL, was used for 
eirradiation (seeFig. 1). Thesample 
icket is provided with a motor-driven 





rrer for mixed-phase irradiation. 





The radiation source was calibrated 
The 
e of seven calibration measure- 
0.961 X 10° 2.48 





ceric sulfate solution (4). 






nts was r/hr or 





tel 





Naphtha-Type Diluvents 
he purity of the diluent or carrier 
the tributyl phosphate solvent used 





udiochemical processing is an impor- 
in the operation of the 
The pres- 


factor 
nt extraction system. 
f easily oxidizable substances and 
ities in the diluent leads to the 
ition of colored impurities, the 
emulsions or interfacial 
the 
mns, and the 


ation of 


ruds” in solvent extraction 





retention of fission 





dduetsin the solvent. Specifications 





liluents generally are being revised 





that pure alkane hydrocarbons are 





rea. 

typical high-purity diluent for 
ity! phosphate is American Mineral 
Amsco) Special Naphtha 
a kerosene-type mixed hydro- 
172-207° C, 


ch has had oleum treatment to re- 





_ 





SpITItS Co. 






bon, boiling range 
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gross fission products—useful for estima- 
ting activity in fuel separations 
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move olefinic and aromatic compounds. 
A preliminary study used ultraviolet 
spectra to detect the changes in the 
organics during irradiation with Co 
The ultraviolet spectra 
are found to be more sensitive to chemi- 


gamma rays. 


cal change than are the usual chemical 
Special Naphtha No. | 
ceived, showed intense ultraviolet ab- 


tests. as re- 
sorption and required extensive oleum 
and silica gel treatments to obtain a 
material that the 
transparency expected for an 


ultraviolet 
alkane 


gave 


mixture (passage of the diluent through 
a column of silica gel is an effective 
method of removing impurities). 
Chemical change resulting from radi- 
ation dose of 1.2 beta watt-hr/liter to 
the purified dry naphtha is detected by 
absorption in the ultraviolet at 220-250 
mu. While the absorption increased 
throughout the ultraviolet range with 
increased dose, there were no character- 
izing Maxima or minima in the spectra. 
The degree of unsaturation produced 
by irradiations of 1.21 to 595 beta watt- 
hr/liter was determined by ultraviolet 
and chromy] 
The data 


correla- 


spectra, iodine number 
tests. 
insufficient to establish 


chloride reduction 
were 
tions of spectra and chemical tests. 
Infrared spectra were also obtained 
on selected samples of Special Naphtha 
No. 1. 


received, of the ultraviolet-transparent 


The spectra of the naphtha as 


naphtha, and of a sample irradiated to 
6.1 8-watt-hr/liter were identical 
cating little damage to the diluent at 


indi- 


dosages greater than that which could 


be encountered in processing power- 
reactor fuels through one cycle of ex- 
traction. The naphtha irradiated to a 
dosage of 595 6-watt-hr/ liter exhibited 


additional infrared absorption peaks 
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FIG. 3. How radiation affects oxidizing 
power of tributyl phosphate in naptha 
solvent 
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FIG. 4. Retention of gross fission products 
in irradiated tributyl phosphate in naptha 
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FIG. 5. Retention of plutonium in irradi- 
cted tributyl phosphate in naptha solvent 
corresponding to —C=C— stretching 
and a terminal olefinic group of the 
type R.C=CH.. 
dence of absorption at wave lengths 
OH or C=O 
groups; these groups had been found to 


There was no evi- 
characteristic of 


be among the principal products of 
chemical attack on the diluent 
Samples of another dry alkane diluent, 
Amsco 125-82, that had been irradiated 
up to 68 watt-hr/liter showed almost 
no differences when analyzed by in- 
frared spectroscopy or vapor-phase 
chromotography. 

The unsaturation produced by ir- 
radiation was also indicated by changes 
in iodine number and the chromy] 
test. The 
saturated compounds is particularly 


chloride formation of un- 
undesirable in the processing of short- 
decayed fuels since these components 
would combine with the large amounts 


of I'*' present and carry this radio- 


69 








TABLE 1 


Il sotope Half-life 


Plutonium-239 24,300 y 
24.7d 
65d 
37d 
12.8h 
40 h 


Protactinium-233 
Zirconium-95 
Niobium-95 
Barium-140 
Lanthanum-140 


* Based on 0.4 


Specific Power of Important Radioisotopes (1/0 


Specific power 


E(Mev)* (watts /gm) 


5.la 0.0019 
0.168 19 
0.168 20 
0.06 8 13 
0.32 8 138 
0.60 8 1,980 


maximum energy in case of 8 emission 





active material into the recovered 
solvent 

From results of batch extraction and 
stripping tests under conditions simu- 
lating a recently developed chemical 
flowsheet for uranium recovery, dam- 
age to Special Naphtha No. 1 by radi- 
ation up to 60 beta watt-hr/liter appar- 
ently does not seriously affect uranium 
or decontamination from fis- 
In these tests the 
diluent was irradiated separately and 
then combined with pure TBP for the 


extractions. 


recovery 


sion products (7) 


Radiation decomposition of organic 
compounds is becoming better charac- 
For example, have 


terized. reports 


been made of some G values, i.e., num- 
ber of molecules affected per 100 ev 
decomposition of 
The G 
value for hydrogen formation in n-hep- 


absorbed, for the 
saturated hydrocarbons (8). 


tane is 4.2, methane formation is 0.22, 
In gen- 
value for hydrogen) 


polymer formation, 1.7, etc. 
the G(H.) 
decreases with increasing chain length 
to about 3.5; the G(CH, 
the number of methyl groups; and the 


eral 
increases with 


G value for the amount of starting 
material altered 
from 4 to 8, meaning that the saturated 
hydrocarbons are not particularly sta- 
ble towards radiation, but also are not 


permanently varies 


particularly subject to chain polymer- 
ization reactions 

For the formation of peroxides, car- 
oxygen-satu- 
rated n-heptane: G(R,OOR,) = 2.2, 
G(ROOH) = 1.2, G(H:0.) = 0.3, 
G(carbonyl) = 2.0, G(COOH) 0.4. 
for a total G value of 6.1 (9). This is 
in close agreement with the value for 
the amount of material permanently 
altered (8). 

Figure 3 shows the oxidizing power 
of irradiated tributyl phosphate in 
naphtha solvent (Amsco). A @ value 
of 0.2 is calculated for the oxidizing 
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bonyls, and acids ix 


power of the solvent, as measured by 
an indirect titration with standard fer- 
rous sulfate (10). 
Since this method probably would only 
titrate the H,O, present in the organic, 


and ceric sulfate 


the results correspond closely to those 
for H.O. formation by radiation (9). 


Tributyl Phosphate-Naphtha 

The usefulness of tributyl phosphate 
as a solvent for uranium, plutonium, 
and thorium is limited by the radiation 
damage that occurs at doses well below 
the amounts affecting the naphtha 
diluent. For instance, a radiation ex- 
posure of 0.5 watt-hr/liter results in a 
two-fold decrease in the ruthenium de- 
factor thorium 
and U** are separated from fission 


contamination when 
products by a solvent extraction proc- 
ess; the process becomes inoperable at 
about 10 
emulsification and the formation of in- 
soluble thorium compounds (10). 

The radiation damage to tributyl 
phosphate probably includes the same 


watt-hr/liter because of 


processes occurring in organic materials 
generally. For example, the gas pro- 
duced by the irradiation of tributyl 
phosphate, as well as the naphtha 
diluent, is 70-80% hydrogen. While 





TABLE 2—How Gamma Radiation 
Affects Solvent Extraction with 
Tributyl Phosphate 


Uranium 


Radiation decon- Beta activity of 


exposure tamination used solvent 


(watt-hr /liter factor (cpm/ml) 


550 

225 

110 
4X 10° 
1.3 X 105 
1.4 X 108 


5,000 

1,300 

2,200 

27 220 
30 600 
280 21 
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FIG. 6. How radiation affects rutheniy, 
decontamination in TBP solvent-extractic, 
process 


gas production and polymer format 
are considerations in the use of tribyt 
phosphate in naphtha at high rad 
levels, specific radiation effects, su 
hydrolysis, peroxide formation, ar 
production of unsaturated compou 
appear more important. 

Although the chemical stal 
TBP is satisfactory in nonrad 
systems, radiation appears to acce 
its hydrolysis rate and degradatio1 
dibutyl phosphate (DBP) and 
butyl phosphate (MBP). Thess 
acid phosphates have a marked eff 
on the behavior of both plutonium 
uranium; DBP has a strong compk 
action toward Pu!Y and UY! and MI 
has a tendency to form a precipitat 
with PulY, Even in low concent 
tions, these hydrolysis products t 
increase stripping losses throug! 
plexing effects and to increase fissi 
product extraction. However, b 
of the acidic nature of the MBP 
DBP, they can be removed from t 
solvent by washing with a dilut 
line solution; thus the used solvent 
be reconditioned after eacl 
through the intense radiation fie] 

Figures 4 and 5 show the eff 
radiation on the extraction of fiss 
product activity and plutoniu 
their retention in the organic phas 
TBP in naphtha diluent. Th: 
ence of 0.02% MBP in TBP-napht 
solvent results in the same plut 
retention as in a 50 watt-hr/lite: 
ation, while 0.1% DBP is requir 
duplicate the uranium stripping 
havior in the same series of tests 
Thus, about 0.090 millimole of T! 
hydrolyzed per watt-hour of abs 
energy. This is equivalent to a‘ 
of 0.24. 

Ruthenium decontaminatio! 
function of irradiation exposu 
studied with TBP-naphtha solvent 


; 


An irradiation of only 0.5 watt-hr/lite 
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caused a two-fold decrease 
henium decontamination fac- TABLE 3—Effect of Solvent Irradiation on Uranium Retention* 


ig. 6). 
2 shows the adverse radiation Uranium remaining in solvent (mg/ml 
a process developed for the 
n of uranium and plutonium No 3.6 8B 17.6 B 
m products (10). Irradiation irradiation watt-hr watt-hr 
of 2-4 watt-hr/liter resulted (control) per liter per liter 
use of uranium decontamina- 
fission products, and in a After Ist strip 4.63 4.41 6.61 
nium and plutonium stripping After 2nd strip 0.006 0.078 0.344 
A radiation exposure of 30 After 3rd strip 0.0002 0.001 0.190 
liter also led to a marked in- After 4th strip 0.0002 0.0002 0.095 
f the activity left in the solvent _——— 
* Solvent: TBP in oleum-treated Amsco Special Naphtha No. 1. 
Strip: demineralized water 
re recent data (Table 3) illustrate Solvent irradiated to level shown, equilibrated with nitric acid-urany! nitrate so 


to form uranium-bearing solvent having uranium concentration of 35 mg/ml, and striy 
with double-volume batches of demineralized water. 


1s€ 


t of solvent irradiation on 
retention in TBP-naphtha 
Irradiation to 3.5 8 watt-hr, 

necessitates four strip passes to 
the same level of uranium reten- the solvent, as well as by a drop in the _ the first-cycle solvent clean-up system 





is three passes in the unirradiated decontamination from fission products. could be recycled either directly or 
sample. The DBP formed in The ultraviolet spectra of irradiated through a recovery step to the feed, and 
35 8 watt-hr/liter sample resulted TBP-naphtha solvent indicated that a thus reclaim the uranium and pluto- 
nium retention of greater than radiation exposure of 12 watt-hr/liter nium stripping losses. Secondly, pro 
mg/ml; however, both the com- did not greatly affect the material. ess chemical conditions must be chosen 
ed uranium and the degradation Therefore it can be assumed that the such that solvent degradation products 
lucts were removed from the sol- deleterious effects of radiation damage do not form emulsifiers or insoluble 
t by washing with sodium carbon- occur at exposures of 20-30 watt-hr materials. Additional solvent-extra 
solution. This was shown by re- liter. This conclusion is confirmed by — tion cycles would probably be needed 
ng the washed solvent through Swanson (6), who stated that solvent to provide adequate decontamination 
her extraction and strip series; the deterioration due to radiation is unim- from fission products. 
ent was stripped of uranium in portant until doses of about 20 watt-hr - =. Ss 


er than four passes. liter. The controlling factor, however, The author wishes to recognize the 
> . ° . . = of the other members of the Chemi 

ilsion formation, however, is @ may be radiation-induced emulsifiers slegment Gestion of the Chemical 
e serious effect of radiation damage or insoluble compounds that would im- nology Division at Oak Ridge Nationa 
Laboratory, who carried out much o 
; . . work reported here. They include J 

Irradiations of this solvent in operation. Flanary, A. H. Kibbey, R. G. Manafic 

Co® source for a dose of about 10 A look ahead. Assuming that and R. P. Wischow, of ORNL, and V. 1 
tt-hr/liter resulted in the failure of _ highly irradiated, slightly decayed fuels Tweedis of Baylor University 


process for the separation of ura- will be processed, and recognizing that SBUOGRAMHY 


e tributyl phosphate-naphtha sol- pair or possibly prevent first-cycle 


. — . , D. E, Ferguson The processing 
mand thorium from fission products — the solvent will undergo extensive radi- homogeneous reactor fuel, in “Pri 
ise of emulsification and the for- ation damage at doses greater than 10 Nuclear Energy, Series 3, Process Cher 
: : . " vol. 1, ch. 5.8 (McGraw-Hill Publis! 
mofinsoluble thorium compounds  watt-hr/liter, certain process modifica- Inc., New York, 1956 
. ; — ene : . : ” . ‘ , ‘ 2. F. L. Culler. Reprocessitig of reactor 
No emulsions were observed at tions might reduce that damage. Stein tedteelie ter ethvend entanctl 


es to the solvent of less than 6 watt- The two principal methods would be ibid, ch. 5.2 
; : : - 8. J. R. Flanary. A solvent extract pr 
ter, nor were emulsions formed dilution of the feed to reduce the fission- aig Po ae * pamewten “xe ds 


similar conditions in a solvent product concentration, and/or reducing — ae products by tributyl pl 
nr . . . . . wo , CD. Oo 
le of unirradiated TBP and irradi- the length of time that the solventisin 4 4. T, Gresky. The separation of U? 
12.4 watt-hr/liter) diluent. contact with the fission products to thorium from fission products | 
— 5 ae extraction, ibid, ch. 5.5 
lusi limit the radiation dose to the solvent 6. C. J. Hochanadel, J. A. Ghormley, J 
ONCIUSIONS — * att} 77 “ats Phys. 21, 880 (1953) 
. to les: than 10 watt-hr/liter. Under 5 i, Meeeeen, Mtbliite of Perce éclvent 
iis survey indicates that, in TBP- these conditions, the solvent damage to radiation and chemical attack, HW-38263 
; . . . : 1955) 
tha solvent systems for processing would primarily be radiation-induced _ J. R. Flanary, A. H. Kibbey, V. L. Tweed 
liated reactor fuels, a noticeable hydrolysis of TBP and the formation * A preliminary study of ultraviolet spectra f 
: . * pie 4 detection of solvent damage by radiation 
p in decontamination may occur at of peroxides and unsaturates in the ORNL-CF-56-5-56 (1956) 
liation doses as low as 0.5 watt-hr/ diluent, resulting in uranium, pluto- . B. M. Tolbert, R. M. Lemmon. Radiation 
; . 7. . . . . . . decomposition of pure organic compounds 
iter. However, significant radiation nium, or thorium retention in the sol- UCRL-2704 (1954) 
mage ag} P . . . P . -_ . . . 9. N. Bach. Radiolytic oxidation of organi 
mage begins to affect the perform- vent and greater fission product con- Sica te “heneeettenss Gaatwense on 


¢ of the solvent extraction system tamination of both the products and the Peaceful Uses of Atomic Energy,” vol. 7 
estas: « ‘ ; ‘ 5 p. 538 (United Nations, New York, 1955 
verlaly at exposures of 10-30 watt- solvent. . G. I. Cathers. Radiation damage to radi 
liter, as shown by uranium, pluto- However, the process could be de- chemical processing reagents, in “ Progress in 
, Tr " “ a : ‘ Nuclear Energy, Series 3, Process Che 
im, and fission-product retention in signed so that the alkaline washes from istry,” vol. 1, ch. 2.4 
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Resistance of Terphenyls 
to Heat and Radiation 


Ortho-, meta-, and para-terpheny! were submitted to temperatures 
(400°—450° C) and radiation doses (up to 90-watt-hr/gm) 


approaching reactor-operation conditions. 


Results indicate 


sufficient stability for use as reactor moderator and coolant 


# 


Electron beam insulation ring 


Reinforcement grating ond adopter 


Flange plote — 





Cu O-ring seo! 





Thermocouple wel! 





Lirradiotion chomber 


FIG. 1. Irradiation cell. Copper O-rings maintain vacuum-tight seal between 
top plate and irradiation chamber. Window is 0.002-in. 347 stainless steel 
reinforced by honeycomb steel network. Irradiation chamber is connected by 
unreinforced 2-mil stainless steel window to blowout chamber as safety measure 
in case of explosion. Built-in heater unit is controlled to +3° C by Symplytrol 


FIG. 2. Effect of irradiation of m-terphenyl at 400° C on polymerization 
and melting point (temperature run shows pyrolytic effect as % polymer) 
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By EUGENE L. COLICHMAN 
and RAYMOND F. FISH 
Atomics International Division 
North American Aviation, Inc 
Canoga Park, California 


BENZENE AND POLYPHENYL materials 
e.g., the terphenyls, show an unusua 
high resistance to both pyrolysis 
composition by heat) and. radiolysis 
(decomposition by radiation 
pared with aliphatic hydrocarbons 
(1-7). To appraise the extent of 
composition of the terphenyls and the 
decomposition products for possibi 
high-temperature applications in rear- 
tor coolant and moderator systems, w: 
performed pyrolyses and irradiation: 
at 400° C and 450° C, employing 1-\: 
electrons. 

We have made no attempt to stu 
the initial decomposition process 
Rather, appraisal of pyrolytic and radi 
lytic damage was based on analysis | 
percentage polymer formed after ev- 
tended irradiation. 


Experimental 


A pyrolysis and irradiation cell a 
sembly (Fig. 1), consisting of two cells 
was made of 347 stainless stee]. Sam- 
ples of ortho-, meta-, and para-ter- 
phenyl (Eastman Kodak white lal 
grade) were irradiated at 400° C a 
meta- and para-terpheny! at 450° | 

In each experiment, both cells wer 
maintained at the same temperatur 
only one being irradiated. The pyr 
lytic effect was thus separated {rom t! 
radiation effect and is shown as th 
temperature run (in % polyme! 
Figs. 2-7. 

The radiation source was a \an ‘ie 
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Discussion and Results 


ts obtained on pyrolyses, radio- 
id melting temperatures vs. FIG. 5. Effect on p-terphenyl of irradiation at 450° C 
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dosage are given in Figs. 2-7. These 
results are from an average of at least 
two runs for each incremental dose with 
a reproducibility of better than 5%. 
In all cases the maximum damage due 
to pyrolysis was about 3% of the total. 

Only small quantities of irradiation 
decomposition other than 
polymer and gas (mainty hydrogen) are 
formed so that G,,, (molecules of gas 
formed per 100 ev absorbed in poly- 
phenyl mixture) and G, (molecules of 
polymer formed per 100 ev) should 
completely define the radiation dam- 
age. The G, values reported here are 
5-10 times larger than G,,, values for 
nearly comparable conditions. For 
example, for the terphenyls at 400° C, 
values are 0.02-0.06 and at 350° C, 
unpublished results on G,.5 are about 
0.004—0.01. 


products 


FIG. 6. Effect of irradiation at 400° C 
on o-terpheny! polymerization 


FIG, 7. 
m-terpheny! with 4.35% p-terphenyl at 
400° C 


Polymerization of irradiated 
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Composition of irradiated ter- 
phenyl. Preliminary molecular-weight 
determinations indicate that the irradi- 
ated polymer mixture is composed 
mainly of compounds with five and six 
phenyl groups and minor quantities of 
compounds with a greater number of 
phenyl groups. This appears to be the 
situation in all the radiolyses reported 
here, even up to about 45% polymer 
formation. 

Thus, every one of the G, values calcu- 
lated have been based on a composite 
average polymer made up of two ter- 
phenyl molecules. This method of 
expressing extent of radiation damage 
may not be valid at a more advanced 
stage in the decomposition where na- 
ture of the “‘polymer” is unknown. It 
is hoped that the exact nature of the 
polymer can be resolved by analytical 
work now in progress. 

The experiments indicate that para- 
terphenyl is the most stable isomer, 
with ortho- and meta-terphenyl being 
approximately equal in radiation sta- 
bility at 400°C. The stability of these 
polyphenyl materials increases with 
dose at 450° C for both meta- and para- 
terphenyl. An almost constant de- 
composition rate is approached at the 
higher doses (~50 watt-hr/gm). Pre- 
sumably the polymers formed tend to 
exert a stabilizing influence on the 
mixture. 

Temperature effect. The effect of 
temperature on para-terphenyl G, 
values is seen by comparing Figs. 4 and 
5. At the lower temperature (400° C) 
the para-terphenyl—polyphenyl mix- 
ture decomposes at substantially a con- 
stant rate regardless of the cumulative 
irradiation dose. Apparently para- 
terphenyl is not rendered more stable 
at 400° C by the polymer formed in the 
irradiation as seems to be the case with 
either ortho- or meta-terphenyl (see 
Figs. 2, 4, and 7). It would appear 
that at this temperature para-terpheny] 
is about as stable as the higher poly- 
phenyls formed in the decomposition 
process. 

Melting points. The melting tem- 
peratures obtained (Figs. 2-5) on the 
irradiated meta- and para-terpheny] 
samples indicated the nature of the 
material as it decomposes. With both 
terphenyls the melting temperature at 
which the solid completely disappears 
in the mixture decreases with increasing 
irradiation temperature presumably 
due to the greater degree of complexity 
of the mixture at higher temperatures. 


Meta-terphenyl becomes a liquid 
about 20 watt-hr/gm at 45 

after about 40 watt-hr/gm at 409) ; 
The melting temperature of irradiat, 
para-terphenyl becomes a constgy; 
value after about 30 watt-hr em (j, 
approximately 260° C at an irradiatio, 
temperature of 450° C and 240° C at 
irradiation temperature of 400° C 

The decreasing melting points of thy 
mixtures with increasing radiation dos. 
indicate that the polymers formed a» 
probably lower melting. Compe, 
fluidity is achieved for meta-terphe: 
at about 35% polymer formatioy 
Ortho-terpheny! becomes a liquid afte; 
only a few per cent polymer formatio, 
Para-terpheny] is still completely so); 
at 40% polymer formation. Dest. 
tive pyrolysis (at about 500° C) and ‘o 
extended irradiation will render an) 
these polyphenyl materials into , 
infusible coke-like material. 

Effect of additives. The radiatio, 
stability of meta-terpheny] is enhance 
considerably by adding a few percent 
of para-terpheny] or para-quaterpheny 
(see Fig. 7 and compare with Fig. 2 

The enhancement in these cases sug- 
gests a protective energy-transfer 
mechanism wherein the more radiation- 
stable compounds, para-terpheny! 
para-quaterphenyl, dissipate some 
the absorbed radiant energy from the 
organic mixture, presumably due to the 
relatively high fluorescent efficiencies 
of these compounds. Results such « 
these suggest that properly con- 
pounded organic mixtures may wi 
possess radiation resistance approach- 
ing that of the most stable component 

Extent of decomposition for the poly- 
phenyl] mixtures formed in radiolysis 
the terphenyls is considered to be quite 
low considering the conditions of ten- 
perature and radiation. Results thu: 
suggest possible high-temperature 4)- 
plications for these materials in a ra‘- 
ation field. 


* - * 


This paper is based on studies cond 
for the U. 8, Atomic Energy Commis: 
under contract AT-11-1-GEN-S8. 
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you can 


the difference 
in the 
CRL system 


nd at costs no more! central research manipulators 


from basic Argonne National Laboratory design 


\ 


Now, with the many accessories offered, the Central Research Manip- 
lator lets you perform an even greater variety of intricate opera- 
ions. All of these accessories are remotely interchangeable . . . each 
s the product of precision craftsmanship and exacting control of 
tolerances. The manipulator itself has that inherent “‘sense of feel’’ 
which is the result of continuous design improvement and rigid 
quality control throughout every phase of manufacture. Field main- 
tenance is simplified by standardization and interchangeability of 
parts, yet each manipulator is “‘custom built’? by skilled craftsmen 


with years of experience. Because of this individual attention the 
CRL Manipulator is easily adapted to your particular needs. 
If you use—or plan to use—hazardous materials that require 
mtricate handling, CRL Manipulators will speed up your production x 
or research program. We will also be glad to advise you on the layout laboratories, inc. 
hot cells and other research areas, to help you gain maximum Red Wing, 


benefit from your CRL Manipulator. 


h 
L 
t 
4 


write today for complete information to: 


Minnesota 
Dept.101 
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FIG. 1. Circuit of 10-channel pulse-height analyzer, excluding initial pulse shaper 


An F-M Multichannel 
Pulse-Height Analyzer 


By J. T. RUSSELL and H. W. LEFEVRE 
Hanford Atomic Products Operation 
General Electric Company 

Richland, Washington 


FIG. 2. Unit contains pulse stretcher, baseline adjustment, FM circuit, and channels. 
Ten knobs control discriminator biases, which provide fine control of channel width. 


Center dial is ten-turn pot controlling baseline 
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A multichannel pulse-height 
is a device that sorts electric: 
into groups of channels acco 
the maximum voltage of th 
One of the more common uses 
a device is in the study of the spect 
of nuclear radiations. With a part 
detector that has an output signal] thy; 
is linear with particle energy (1), thy 
energy distribution of the emanating 
particles can be measured. 
Basically, a multichanne!] 
height analyzer is composed 
component parts: detector, prelimina 
amplifier, pulse shaper, channe! det, 
tors, and output totalizers (2 
method outlined here differs from 
rent multichannel analyzers in the y 
in which channelizing is accomplish 


Principle of Operation 

The signal coming from the detect 
is stretched about 4 usec to allow t 
following circuitry to respond. Tl. 
it is fed through a discriminator t 
allows the portion of a pulse al 
certain limit to pass. This defines t 
baseline, i.e., the energy at whic! 
lowest channel begins to count 

The stretched pulse modulates t 
frequency of an oscillator in a 1 
roughly proportional to pulse heig 
The oscillator output is fed to a g: 
of tuned bandpass filters placed 
parallel. Each filter is tuned 
different frequency so that eac! 
is adjacent to the preceding on 
does not overlap it. These filters 
fine the channels. The output of « 
filter is fed to a totalizing circuit 
cause of the slow response of the filter 
a pulse sweeping by a channel! 
cause an output pulse. 

The tuned filters serve two purposes 
They define the channel position wit 
great stability and also contribut 
materially to the channel-widt! 
bility by virtue of the steep sides of t 
filter-frequency characteristic 


Circuit Details 

The analyzer, shown in Figs 
uses a base frequency of 6.75 \ 
that 10.7-Me i.f. transformers 
retuned and used as bandpass filt 
The stretched pulse feeds a 
5881’s, which drive a controlla 
ductance with a corresponding 
pulse. 

This inductor is constructed - 
the secondary reactance is det 
by the primary current. The s 


February, 1957 - NUCLEONIG 





Noung THE DAYSTROM REACTOR TRAINING CENTER 


AND Juitinducing Diacr. 


ee 


NEW PROGRAM FOR REACTOR 
CONSTRUCTION AND TRAINING 


Designed to facilitate civilian research into the utilization of nuclear power, the D.A.R.T. (Daystrom 
Argonaut for Research and Training) Program has two significant phases 


COMPLETE D.A.R.T. REACTOR FACILITIES 


At the Daystrom Reactor Training Center, West Caldwell, New Jersey — our nation’s newest point of 

practical nuclear training — the company will manufacture, in quantity, low-cost D.A.R.T. Reactors 

capable of producing 10 kilowatts of power. 

To implement the obtaining of these Reactors by colleges, universities, and industry, a comprehensive 

Daystrom D. A. R. T. Program will deal with every aspect of purchase, including 

(1) TECHNICAL CONSULTATION — to determine and design most suitable facilities 

(2) SITE INVESTIGATIONS — to evaluate and select best available location 

(3) PREPARATION OF REPORTS — to fulfil! all existing A.E.C. permit requirements 

(4) TRAINING — of several months duration to prepare persornel for the A.E.C. license 
examinations. 

(5S) MANUFACTURE AND INSTALLATION — of the D.A.R.T. Reactor. 

(6) PREPARATION — of normal and emergency operating procedures 

(7) SUPERVISION — Of initial loading, start up and criticality 


D.A.R.T. REACTOR TRAINING 


A specialized training course will be offered, at the Daystrom Reactor Training Center, to fully 
acquaint university facuity members and selected industrial personnel with the operation and 
application of research reactors. This course includes actual operation of the D.A.R.T. Reactor 
and lectures on basic reactor technology and theory. 
Its curriculum is designed to qualify the individual for licensing by the A.E.C. as a reactor operator 
capable of instructing others in the operation and use of the 
D. A. R. T. Reactor. 





Additional information about all phases 
of Daystrom's new » tes RT. Program 


can be obtained by writing to 


OM NUCLEAR 


Division of Daystrom, Inc. 


Mr. A. Stanton, Director, Domestic Sales 


or Mr. K. Kirchholtes, Director, 





i : WEST CALDWELL. N. J Foreign Sales. 


D.A.R.T., SWIMMING POOL AND MEDICAL REACTORS AT BOOTH 404 ATOMIC EXPOSITION AND NUCLEAR CONGRESS 








Sinlllon* 


PLASTIC 


PHOSPHOR 


RATT Seppe 


for BETA, GAMMA, 
X-RAY DETECTION 
and MEASUREMENT 


COMBINES HIGH EFFICIENCY 
and LOW COST 


Designed for scintillation counting ap- 
plications requiring large masses of 
phosphor, Sintilon brand plastic phos- 


alternative 20 stilbene, anthracene, and 
sodium iodide crystals 

Pulse height and efficiency for detection 
of radiation compare favorably with 
other crystals and response is linear 
to lower Self-absorbtion of 
Sintilon to its own fluorescent radiation 
is less than 10°% in 4” sections. 

Sintilon plastic phosphor is thoroughly 
polymerized; extremely stable and will 
not cloud. It may be machined to any 
size or shape required without difficulty. 


COMPARISON CURVE 
Sintilon Plestic Phosphor vs. Stilbene Crystal 


enereies 





Counts Per Minute 


5 18 5 20 25 
Discriminator Volts 
A~—Stilbene, 8 Grams B—Sintilon, 8 Grams 


Radiation rce, gamma rays from radium 


SPECIFICATIONS 
Sintilon Plastic Phosphor 
Principal Emission Spectrum A.U. . 
Relative Light Yield to Betas 
Decay Constant x 10—* Second 
Density 
Melting Point °C 


*National Radiac, inc. brand name 


4600 


: 1 
110 
For Literature and Detailed Specifications, write: 


\ 475 Washington St., Newark 2, N. J. 
cata 











78 


phor provides an efficient, economical | 





75 volts 
Channe 
width 


LF. Transformer Output 


Frequency —> 








—— O volts 





| 
| FIG. 3. Peak output voltage of bandpass 
| filters as function of input pulse height 


ary of the inductor is the tank coil of a 
Colpitts oscillator. This configuration 
is such that the oscillator frequency 
shift from the baseline is approximately 
| proportional to the pulse height. An 
inductor of this type is much more suit- 
able for wide-shift, pulsed operation 
than any of the many wide-shift react- 
| ance-tube-type oscillators tried. 

The inductor was built to our specifi- 
cations—frequency of the associated 
oscillator should shift to within 0.1% 
of its new frequency in | usec, and fre- 
quency pulse should be as flat on top 
(within 0.1%) as the current pulse— 
by the CGS Laboratories, Inc. The 
primary winding controls the perme- 
ability of the core material without 


appreciable coupling between the pri- 


mary and secondary. The ferrite-type 
ore material will operate at high radio- 
frequencies, The secondary may be 
used as the inductance in any sort of 
LC circuit. 

A cathode follower provides a buffer 
stage and drives the distribution lines 
as well. An additional amplifier in 
each channel feeds the transformer, 
and provides isolation for the trans- 
formers. This amplifier is driven very 
hard, so that it limits and, hence, pro- 
vides a certain measure of stability 


| against changes in amplitude of the 


oscillator or buffer. 

The i.f. transformers may be tuned 
over the range 7-13 Me with the aid of 
additional padding condensers below 
9Me. The output of the transformers 
is rectified in a doubler circuit, and the 
The 


grid potential is determined by an ad- 


signal is fed to a univibrator. 


justable d-c bias causing the univibra- 
This dis- 
the 
sloping response skirts of the trans- 
If the bandpass character- 


tor to act as a discriminator. 


criminator is added because of 


former. 


istics of the filter were ne 
with a flat top and vertiec: 
channel edge would then by 
only of the 
nately such filters are eithe 
or expensive; therefore, a d 
is added to define the char 

The univibrator output 
directly to a suitable sca 


transforme: 


The transformers are adju 
pulse generator feeding the 5x 
that their center frequencies «re ¢ 
spaced in reference to pi 
The width of the channels 
justed with the univibrat 
trol. If the transformers 
about 350 ke apart, then t! 
will meet at the steepest ; 
bandpass curve. 


Performance 
This device was origina! 
stal 


channel width and position 


to provide channel 
because of the characteristics 
The channe! 
determined solely by the 


transformers. 


quency adjustment of the tr 
Being a ruggedly built, pass 
it will retain its calibratior 
periods of time. The chann 
determined by the transform: 
discriminator as describe 
However, since the discriminat 
ates on the steep sides of the 
the stability requirement 
criminator is markedly redu 
Figure 3 shows the output 
of the transformer as a funct 
pulse height. The steepest | 
near the one-half 
Since the midpoint is typica 
75 volts, the slope is 
1.1% channel width per volt a: 
Therefore, a channel-width sta 
0.2% could be obtained for a dis 
nator stability of 0.18 volts. Its 
be possible to better this fig 
The electronics preceding t 
former are not as easily analyz 
transformer, nor are the) 
measured with the equipn 
able. However, the over-: 
was found using a modified A' 
strument Co. Model 621 
pulse generator. The results 
the channel! width is stable v 
for a period of at least § 


maximu! 


approx 


amount of drift may be due 
the generator. The baseli 

appears satisfactory and is 

less than 1% of a channel ait 
warm up. The baseline sta 
less importance than the cha: 
stability because a shifting 
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ecrease the apparent energy | 
i.e., smear it out, while a | 
a single channel width will 
ectrum distortion. 


ounti ng Speed 


inting speed is limited by the 
time of the transformers. In 
t machine the pulse must be 
t wsec to allow the trans- 
»respond. A shorter stretch- | 
may be had by raising the 
frequency. For instance, 
5 Me TV i.f. transformers 
ible the speed. This period 
hing is not dead time, and | 
pulse that enters during this | 
be counted, depending on the 
stretcher used. However, | 
ounting occurs will be in the 


] 
nnei 








ther Configurations 


uuthors wish to point out that 
iple may be extended in | 
vays. As mentioned above, | 
ving time is limited by the 
mers, and may be increased by | 
ng the base frequency of the 
There is reason to believe | 
higher speeds could be ob- 

y using an electrically swept 
ron tube, with tuned lines or | 
ties as bandpass filters. 


n to fifteen channels may be added | 


but if many more are to be | 

|, it will be necessary to make the | 

nnels narrower, by using two trans- | 
or by using a crystal filter. 


Conclusions 


[his device, as described, appears to | jj 


n advance in the direction of over- | 
all channel stability. While it may 
fnd use in the field of multichannel 

se-height analysis in the usual sense, 
particular radiofrequency charac- | 
sties of this device might be more 
lin the field of telemetry. 
high speed potential, although 
ved, may be of use as an analyzer 
ction with pulsed accelerators, | 
instantaneous counting rates 
be high. 
* +o * 


e authors appreciate the encouragement 
olleagues and, in particular, the | 
pervision of Dr. J. E. Faulkner. 
was performed under the auspices | 
5. AEC. 
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4-083 Rolling Mill 


Fenn’s new large combination type laboratory Rolling Mill, first shown at 
the Metal Show, has already been acclaimed as the finest of its size. 
A typical installation is in the Nuclear Division of The Martin Company at 
Baltimore. It is one of several important pieces of Fenn Nuclear Machinery 
being installed in the manufacturing division of this new plant. 

The Model 4-083 (244 x 8% x 8”) can be used as either a two-high or four- 
high mill, driving either back-up rolls or work rolls. It is capable of taking 
heavy reductions (up to .080” per pass) on ferrous strip at all speeds 
between 100 fpm and 500 fpm. Many drive combinations can be used to 
meet your specifications. 

For complete information write for Fenn Rolling Mill catalog No. FRM-56 and 
list of present users of Fenn Metal Forming Equipment in the nucleonic 
industry. 


COMPLETE MILL 
SPECIFICATIONS 


Fenn engineering service is 
available to help you solve your 


rolling problems 


BE SURE TO VISIT THE FENN BOOTH NO. 236 AT 
THE ATOMIC EXPOSITION, PHILADELPHIA, 


MARCH 11-15 


THE FENN MANUFACTURING COMPANY - 701 FENN ROAD - NEWINGTON, CONN. 
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Shielded Units 


By CHARLES T. KNORPP 

and JULIA M. BURGESS 

Radioisotope Service . 3 

Veterans Administration Hospital “ j emeeoin Re 
Ann Arbor, Michigan 


The shielded container described (ig ‘ fo 


COCEERUUEEOENOTOEOHEN 


below was built to satisfy a need for 
storing radioactively contaminated 
equipment as well as radioactive labo- 
ratory wastes. It is of particular use 


where extensive, built-in storage units en ‘ By L 
are not feasible. The design is adapta- : a Chem 
ble to different sizes and shielding 8 

San : 


thicknesses. 
The portable source shield at right 


was made for instrument calibration. 
* * * 


SOURCE SHIELD for Co®® is designed ty 
instrument calibration. Lead cylinder ; 
5 in. in diameter and 5 in. high. Centra 
hole, 1 in. in diameter and 3 in. deep, ; f tl 
closed by 2-in.-long plug, leaving |-in. 
diameter, 1-in.-high volume for source, 


The authors are indebted to W. A. Schultz 
and the members of the engineering division 
of the hospital for their assistance in the 
design and fabrication of these shields. 
Detailed design of the storage vault was 











. : . na 
| completed by Thomas Morrison of the Allied Two-inch shielding can accommodate up tp 
| Lead Construction Co., who fabricated it. 25-mc source without exceeding tolerance 
rt! 
th 
Kt 
Tabwag ...awar-gaming experi- ' , eart 
ment by the Combat Operations ArT 
Research Group, to evaluate “ . " 
performances of armored ve- : 
hicles, their speed, armor, weap- per 
ons and other capabilities, by eart 
map games utilizing computers 7 nee 
and other scientific techniques. 
Short for “tank battle war L min 
game.” Typical of work done by ihe * the : 
CORG scientists to assist in ys 
developing new tactics, weapons Pro 
systems and organizations for ; : 
the U. S. Army. , T 
; ay thre 
> PHYSICISTS | Fe ” tion 
’ ES e tran 
> MATHEMATICIANS “a 
> and othr SCIENTISTS * elet 
ss mot 
will find in CORG a small but | e. we | P 
growing research group, where / tion 
freedom to think and unlimited ae ae res, ] 
creative opportunities come ‘ | 
first. Contact with many varied i ! . ner 
disciplines, excellent living con- ‘ boy : an § 
ditions, all usual benefits, make : : mae: a felt , - and 
CORG “‘a good place to work.” { ra ets q , 
mal 
diise 
20: 
for information, write to: ; ; an sd ee 3 
ROBERT L. KOLLER 2 ee ees all con 
6 Schouler Court f Wit 
Arlington 74, Massachusetts at 
TECHNICAL ‘ 
OPERATIONS SHIELDED STORAGE CONTAINER consists of steel box, 32 X 32 X 34 in. high = 
INCORPORATED with 1-in.-thick lead. Cost was $925. Weight is 3,019 Ib. Mirror on orn = 
of cover permits using remote-handling instruments. Cover opens hydraviicolly in 
with 10-ton pump, jack, and 6-ft hose. Four-inch | beam, attached by spring the 
flips into vlace when cover is open for additional support 
Vo 
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Radiochemical Procedure 
for Individual Rare Earths 


By L. R. BUNNEY, E. C. FREILING, L. D. McISAAC, and E. M. SCADDEN 


Technology Division 


Radiological Defe nse Laboratory 


o, California 


past the individual members 
are-earth group have been ex- 
ficult to separate with rea- 
radiochemical 
and Y 


yut its chemistry 


purity—except 
Yttrium is not a rare 
is so like the 
earths it is frequently considered 
methods (1-6) 
on-exchange separation of the rare 
limitations in separation, 


them. Various 
ths have 
er amounts, and time required. 

{n improved method has been devel- 
ed in this laboratory for those rare 
ths (and Y) that occur as fission 
roducts of U** This method, with 
nor modifications, can be applied to 


e entire rare-earth group. 


Procedure 
divides into 
and purifica- 


The procedure readily 
three parts: (a) Isolation 
tion of the rare earth group from ex- 
traneous activities. (b) Ion-exchange 
separation of the individual rare-earth 

ements. (c) Precipitation and 
mounting of the individual elements. 

Preliminary isolation and purifica- 
tion 

1, Add the various rare-earth car- 
Pm?*’ tracer to 
in acid solution containing the activity 
and stir well. 

2. Add 5 mg Ba** holdback earrier, 
make basic with NH,OH. Centrifuge, 
wash twice with 


ers and, if desirable, 


liseard supernatant, 
20 ml of H,O. 

3. Dissolve the hydroxide in 5 ml 
on’. HCl and add 2 drops cone. HNOs. 
With sample in water bath (no ice!) 
saturate with HC] gas. 

4. Pass through a bed (6 mm by 10 

of Dowex-2 (100-200 mesh) that 
as been washed with conc. HCl. Pass 
HC] through to wash out 
the rare earths. 
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) ml of cone. 


5. Repeat steps 2, 3, and 4. 

6. Make 
centrifuge, discard supernatant, 
twice with 20 ml of H.O. 

7. Repeat steps 3, 4, 

8. Dissolve in a minimum amount of 
HC! or HCIO,. 

lon-exchange separation 

1. Load the boiling solution from the 
10 mm by 


NaOH, 


wash 


basic with conc. 


and 6 


preceding step 8 onto a bed 
60 em) of Dowex-50 (settles through 
H.O at the rate of 0.6—1 in in the 
NH,* form held at 87° C by the boiling 
vapors of trichlorethylene. 

2. Rinse twice with an equal volume 


min 


of boiling distilled water. 

3. Elute with degassed 0.87.M lactic 
acid at pH 3.0 until the Ho comes off 
in reverse order 
- Y falls between 


(the rare earths elute 
to their atomic number! 
Ho and Dy) 

4, Elute with 1.25M lactic 
pH 3.0 until the Nd comes off. 

5. Elute with 1.25M lactic 
pH 3.3 until the La comes off. 

A flow rate of 10- 
fractions are taken every 5 
An automatic fraction 
great aid. Where greater 
comes necessary , 
consuming to recycle fractions rather 
than slow down the elution. Among 
the rare earth fission products of U*** 
and Pu*** it is usually desirable to re- 
cycle Ho, Dy,* and Tb they 
are all usually contaminated with Y 
activity because of the high fission yield 
of Y relative to the others. This has 
been found to be true with Tb even in 


acid at 
acid at 


25 ml/hris used and 
to 15 min, 
collector is a 
purity be- 
it is usually less time 


since 


cases where the peak to valley ratio of 


found in fission at this laboratory. This | 
discovery will be the subject of a separate 
publication in the near future 


Coutrollod Atmosphere 


GLOVE BOX 


A low-cost laboratory” 
for hazardous or 
high purity materials 


For projects requiring controlled, un- 
contaminated atmosphere, the port- 
able Kewaunee CBR system is ideal 

It operates with a slight positive 
pressure of any selected environ- 
mental atmosphere and can be used 
singly or connected with other units 
to form a series of totally enclosed 
laboratories. 

The Kewaunee Controlled Atmos- 
phere Glove Box is equipped with an 
all-welded interchange compartment 
which serves as an introductory air 
lock. 

The basic CBR unit is made of 
volume-produced, stainless steel parts 


| and so is remarkably low in cost 


And you can order many accessories 
to adapt it to your particular needs 


— | WRITE FOR 
Gs v= FREE 


DETAILED 
CATALOG. 


Aewaunce 


* Ho" and Dy" have recently been KMEWAUNEE MFG. CO. 


5083 S. Center St., Adrian, Mich. 


REPRESENTATIVES IN PRINCIPAL CITIES 
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for Super-Fine Cutting 
of Hard, Brittle Material... 


the J fg |\ndustrial 
Airobrasive Unit 


Many unusual operations — some on a mass-production basis — 
can be performed with our industrial Airbrasive Unit. This 
photograph dramatically illustrates its precise, delicate cutting 
ability. Developed from the Air-Dent equipment made by 

S. S. Wuirte for the dental profession, the unit gas-propels a stream 
of abrasive particles at high speed to provide a fast, cool 

and shockless cutting action. 

The unit can be used to etch glass, cut crystals such as germanium 
and other crystalline forms, remove deposited surface coatings. 

It can also be used to etch, drill and light-deburr hard, 

brittle materials. 

This is not all — many other practical uses have been found for 
the Airbrasive Unit. 

We'll be glad to test the airbrasive process on your sample 

parts. For further information, just drop us a line. 


Spd 


First Name in Airbrasive Cutting 


S. S. White industria! Division, Dept. D, 10 East 40th Street, New York 16. N.Y. 
Western Office: 1839 West Pico Bivd., Los Angeles 6, Calif. 





the Y is 10° or greater. T 
conditions used here are 0.9 
acid at pH 3.10 for Ho and 
Dy it may be necessary to 
fraction into 2 parts, a Dy-1 
Y-rich fraction and recycle « 
The columns used are identi: 
previously described. Any 
may be further purified by 
under the elution conditio 
original separation. The usu 
conditions used here for re 
fractions (and Gd, Eu, and 
1.13M lactic acid at pH 3.10 
Gradient elution (6, 8, 9 
used at this laboratory with 
There are many variations 
ity, pH, and volumes of elu 
may be used in gradient eluti: 
most desirable set of conditi: 
with each application. A sys 
we have found successful wit 
sion-product rare earths is to 
reservoir containing 330 ml of 
lactic acid at pH 3.10 to 
Dowex-50 column of the t 


/ 
i 


Live 


scribed above and connect a « 


reservoir containing 1.25M lact 


at pH 3.25 to the first in such a ma 


that as a given volume is removed { 


the first reservoir half that v. 
replaced from the second. T! 
conditions gives good separati: 
fission-product rare earths 
30 hr. 

Sample mounting 

1. Select the appropriate 
and combine. 

2. Precipitate the hydroxid 


ing conc. NaOH dropwise until th: 
exceeds 9. Centrifuge, discard s 


natant. Wash twice with 
H,O. Add Nd carrier to Pm 

3. Dissolve in 2drops6N HC! 
ing may be necessary), dilute t 
with H,O, heat to boiling, ad 
rated oxalic acid dropwise unt 
cipitate forms. Continue 
addition of oxalic acid until 2 1 
have been added. Boil for 
Let cool. 

4, Centrifuge, discard sups 
If rapid analysis is required, tr: 
a tared filter paper, wash wit 


until filtrate does not precipitat 


}La***, wash twice with 3 ml of 


alcohol. Dry at 105° C for 


cool in air 15 min, weigh, mount 


count. 


5. At end of counting a more 4 


rate chemical yield may be obt 
igniting to the oxide. If time 
the oxalate may be ignited to t 
before mounting. For small : 
of pure rare earths a spect 
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vethod (10) of determining 
been worked out by R. W. 
of this laboratory. 
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Weston mode! 534 (+ 0.5 ma) 
Leach type 2417, 6-v coils 


Input current 
from electrometer 
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CIRCUIT of the automatic precision timing unit designed for use with charge- 


compensation electrometers 


Automatic Timer Simplifies 
Small-Current Measurements 


By L. COSTRELL and F. 


H. ATTIX 


National Bureau of Standards, Washington, D. C. 


Small currents, such as ionization- 
amber outputs, are frequently meas- 
ed by the Townsend null method (1, 
Charge is accumulated on a capaci- 
r a measured time interval while 
‘ompensating voltage is gradually 
plied to the capacitor. 
We have developed a simple system 
t measuring the time interval semi- 
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automatically. Ordinarily the dura- 
tion of the charging time is measured 
by a stopwatch, the run being started 
and ended by the operator, observing 
the indication of the electrometer. 
With this device the operator opens 
the electrometer grounding switch and 


presses the start button of the timing | 


device. Actual timing is initiated by 





For Measuring 


RADIOACTIVE 
EMISSION 


Gamma Ray 
Pocket Dosimeter 


A personnel protection instrument to 
measure cumulative exposure to x- or 
gamma reys. The cylindrical case con- 
tains an ionization chamber and a quartz 
fiber electrometer. Optical system en- 
ables position of the fiber to be read 
easily upon a 40-division translucent 
scale. Standard range 0-200 milliroent- 
gens. Size 454” x ” dia. 


Other CAMBRIDGE Instruments 


LINDEMANN- 
RYERSON 
ELECTROMETER 


has high sensitivity and good stability. 
Does not require leveling. When reading, 
the upper end of the needle is observed 
on a scale illuminated through a window 
in bottom of case. Size 8.3 x 6.5 x 3.5 
cm. Weight 0.17 kg. 


CAMBRIDGE PORTA- 

BLE PROJECTION 

VIEWER—This new 

Projection Viewer, 

used in conjunction 

with the  Linde- 

mann-Ryerson Elec- 

>» trometer, facilitates 

observation of the 

deflection of the electrometer pointer. A 

beam of light from a lamp in front of 

the case projects the image of the index 

pointer onto a mirror in the rear of the 

case. This image, magnified 100 times, is 

then reflected upon a translucent screen, 

clearly visible in the front and upper 

part of the case. This screen is 120 mm. 

long and is divided into 120 divisions 

numbered 60-0-60. The pointer is zeroed 

by grounding the electrometer by means 
of a rubber bulb. 


“CHANG and ENG" FAST NEUTRON DETEC- 
TOR follows closely original design of 
U. S. Atomic Energy Commission. Con- 
sists of twin ionization chambers, Linde- 
mann Electrometer, reading microscope 
and dry cells. Self-contained. 

PRECISION IONIZATION METER (Failla De- 
sign). A complete instrument for null 
methods of radioactivity measurement 
where background radiation effects must 
- eliminated. Operated from A.C. out- 
et. 


Send for complete information 
CAMBRIDGE INSTRUMENT CO., INC. 


Pioneer Manufacturers of Precision Instruments 
3527 Grand Central Terminal, N. Y. 17, N. Y. 
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Packaged 
for gamma radiation 


with Corning packaged window assemblies 


Corning “Packaged” Radiation 
Shielding Window Assemblies up to 
60” thick, dry or oil-filled, provide 
the high, permanent visibility you 
want combined with ease, conven- 
ience, and economy of installation. 
Windows are also obtainable for 
combination neutron and gamma 
shielding. 

Each window is specially de- 
signed and completely assembled at 
Corning ready for installation, The 
complex problems that are almost 
certain to arise in assembling several 
ponderous parts at the installation 
site are eliminated. 

The glasses themselves have been 


Radiation shielding win- 
dow of Corning Code 
8362 Glass, 36” thick, 
ready to be lowered in 
place at the installation 
site. 


protection 


specially created for atomic shield- 
ing. They provide maximum shield- 
ing in minimum thickness. Trans- 
mission of visible light is extremely 
high. A 36” window of Corning 
Code 8362, 3.27 density glass, 
passes twice the light of ordinary sun 
glasses .080” thick. Viewing angles 
are greatly increased because of the 
high indices of refraction of these 
glasses. They are highly resistant to 
radiation darkening. 

For complete information write 
Corning Glass Works, Corning, N. Y. 
Ask for Bulletin PE-51, “Corning 
Radiation Shielding Windows.” 


Technical Products Division 


v 


CORNING GLASS WORKS 


16-2 CRYSTAL STREET, CORNING, N. Y. 


| reaches 


the electrometer when it 
a preset level. Li! 


| the operation nears its con 
| operator presses a stop bu 


subsequently the output of 
trometer automatically stops 
at the proper moment. A 
increased and fatigue is redu 

The prec 


oscillator shown in Fig. 1 is « 


output of the 


a scaler for a period that begins 
subsequently ends as the met: 

of the electrometer passes 0.5 
circuit was designed specifica! 
with our vibrating-reed elect 


but it can easily be adapted ¢ 


electrometer that generates a: 
current sufficient to operate a re 
Operation of the circuit is as { 


| The coil of the d-c current rela 
| nected in series with the milliam; 
| of the vibrating-reed 


electror 
With the “start” button depress 
operator opens the electrometer 
grounding switch, initiating the 
When the current t! 
the relay reaches 0.5 ma, the relay 


collection. 


tact closes, causing the 2N45 transis 
| and the 5,000-ohm relay to pull in tls 
| latching relay. 


The sealer then beg 
counting the output of the 1-k 

tor. Releasing the “start 

then de-energizes all relays 
counting continues, 

The operator adjusts the 
sating voltage in the Townsend 
maintaining the milliammeter on sca 
during the run.t The final valu 
the compensating voltage is set sor 
what ahead of time to place the m 
ammeter needle downscale fro! 
starting point, and the “‘stop 
is then depressed. When the 


| through the relay again reaches 0).5 


the transistor and the 5,000-ohm r 
energize the reset coil of the lat 
relay, stopping the scaler, which t 
indicates the duration of the ru 
rectly in milliseconds. 
Measurements of time interval: 
short as 2 sec have been found t 
reproducible to within 0.1% for st 
currents, and the ratio of compensat 
voltage to time interval constant ' 
within 0.1 % for runs of 2 sec and long 
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* Model 30, manufactured by; 
Physics Corp., Pasadena, Calif. 

+The vibrating-reed electrome' 
through feedback, maintains it 
within a few millivolts of ground for © 


| reading of its milliammeter. 
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SCINTILLATION 
PHOSPHORS 


introducing 
PLASTIC PHOSPHOR 
NE 102 


D ® New Composition 


FIG. 1. Test chambers: A, standard Victoreen chamber; B, paper-wall chamber; cs Improved light 
C, perforated-aluminum-wall chamber; D, drilled-plastic-wall chamber; E, perfo- 

rated-magnesium-wall chamber; F, stainless-steel-screen-wall chamber; G, aluminum- output 

screen-wall chamber; H, half of a standard chamber, cut open, and two types of 


center electrodes used @ New lower prices 
on large sizes 


in also available 
Beta-Sensitive Loaded liquid scin- 


° tillators containing 
Personnel Dosimeter Pb, Cd, B, Gd, Scin- 
tillation Chemicals 
and Scintillating 
By HARRY H. HUBBELL, Jr., structural strength to withstand rough Gels. 


RAYMOND M. JOHNSON,* and handling in the field, we developed a 
ROBERT D. BIRKHOFF new pocket ionization chamber in 


Health Phusics Division which the sensitive volume (defined by 
k Ridae National Laboratory & paper cylindert is suri uunded by a CLEARING 
ik Ridge, Tennessee 
Complete stock of 
personnel exposures the beta-ray * Pag po age Westinghouse Re- NE 101 plastic phos- 
in be hig {ve , > ob- search Laboratory, eulah oad, itts- 
— my rae on ro burgh 35, Pennsylvania phor ata greatly 
ed gamma radiation is below maxi- t In commercial construction the paper - : 
m permissible levels. To answer could be replaced by a thin waterproof reduced price, while 
j M Mastic “oate side th aquads oO 
need for a thin-walled beta dosime- P/astic, coated inside with aquadag for stock lasts. 


as se conductivity, maintaining the 7 mg/cm? 
that would still possess sufficient thickness. 








where research COUNTS 


enterprises ltd. 





SCINTILLATOR DIVISION 
1750 Pembina Highway 
WINNIPEG 9 
Canada 


— — — — Nuclear— —-— — - 
Enterprises (G.B.) Lta.! 


iG. 2. Calibration cell for beta-ray-sensitive pocket chambers. The assembled | ankhead Medway, Sighthill 
cell ond reservoir, S, are at left; a disassembied cell is at right; electrometer head and ‘ : : 
electrode for using cavity as ionization chamber are in front Edinburgh, Scotland. 
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oe Se Seeeeses 
> 


i Cold dal —t-t) | 


e Highest Concentration 
of Research Centers 


¢« Climate of Creativity 
and Livability 


In Massachusetts, there are 174 industrial organizations con- 
cerned with Atomic Energy, among whom are 53 AEC access per- 
mit holders and 79 radiation permit holders. There are now 47 
Massachusetts companies holding AEC contracts and 55 organiza- 
tions largely higher education institutions — with unclassified 
physical research contracts. By 1960, the first nuclear power plant 
in New England will be producing 134,000 kilowatts at the 
$35,000,000 plant in the Town of Rowe. 

When you locate your research facilities in Massachusetts your 
people and plant are in an atmosphere tailormade to your de- 
velopment work. In addition, you have at your command the 
greatest concentration of scientific and engineering talent. Massa- 
chusetts provided 15% of the national total of Doctorates in 
Engineering and 1214% of the national total of Doctorates in 
Physics in 1955. 

Massachusetts is a place where families like to live and work. 
Practically every recreational advantage is nearby seashore, 
lakes, mountains. In addition, the ultimate in shopping areas, 
schools, churches, medical knowledge are all yours to enjoy in 
Massachusetts. 

If you are in Atomic Energy Development, locate your plant where 
it will be at home from the start. 


MASSACHUSETTS DEPARTMENT OF COMMERCE 
Coordinator of Atomic Development 
334 Boylston St., Boston 16, Massachusetts 





| 
| 
| 


| measured by 


coaxial perforated thin alun 
magnesium sheet. 

Although all new procedures 
veyed in advance by a health 


| using a ‘‘paper chamber Cut 


which measures both beta an 
radiation, actual 
a personnel di 
Due to wall absorption, the | 
sonnel 


exposure 


dosimeters available 


| 1-Mev cutoff for betarays. W 


a small, practical, inexpensiv: 


| to record the beta dose recei 


| short time interval (up to one 


Chamber Requirements 


The ideal instrument would 
(<1 oz), sturdy (dropping or 
should not affect it), resistant t: 


cals or water, accurate, conve! 


| carry, and cheap to manufactur: 


| numbers are 


The 


described 


needed). 
ionization chamber 
reasonably approximates these r 
ments. Our final beta-sensitiv: 

ber weighs ~1¢ oz, can be dropped 
concrete without discharging, is a 
rately calibrated, is as convenient t 
carry as a fountain pen, and should lx 
inexpensive. 


Chambers Tested 


Figure 1 shows the different t 
chambers we experimented wit! 
side a standard Victoreen 
chamber. It includes a labora 
standard that has a 7-mg/cm* | 
wall, aluminum, plastic and magnesiu! 
walled pencils with about 50% « 
surface area drilled away, and 
aluminum screen wall pencils 
as a section view of a typical pe! 
the two types of center electrodes t 
were used in the experiments 

The wall thickness of the co1 
Victoreen pocket chamber 
mg/em*. This is equivalent 
range of a beta ray of energ 
than the calculated average energ 
water solution of the spectrum 


| which has one of the highest energ 
|spectra of the common bets-! 
| emitters. 


Details of Inner Wall 


The inner walls of all the beta pe! 


| were made of 7-mg/cm?* co! 


|} paper 


to approximate the 


| shielding of the body by thin 


of the epidermal layer of ski: 


*This is an instrument in 
ion chamber with a minimum w 
ness of 7 mg/cm? is coupled to a 
bridge-circuit., 
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, tondord vVictoreen sists 
hombers — 
, — SS 
00 300 400 500 600 700 


yeroge Beto Energy in Woter (kev) 








Response of beta-sensitive pocket 
ers expressed as percentages of 
to dermis. This dose is assumed to 





asured correctly by a chamber hav- 
ng 7-mg/em® paper walls 


eta dose measured inside this wall | 
ssentially equal to the maximum | 
eceived by the germinal layer of | 


The heavier walls of commercial | 
s are designed to insure equilib- | 
tween any gamma radiation 
its secondary electrons. Under | 
st normal field conditions this heavy 
proves unnecessary because gener- 
gamma sources are enclosed in 
ntainers whose walls insure equilib- 
or are kept at a distance of several 
so that the intervening air 
ishes equilibrium. 


Drilled Plastic Wall | 


The drilled-plastic-wall pencil repre-| 
ented our first attempt to develop a | 
eta-sensitive pocket chamber. The} 

neipal difficulties encountered with 

s construction were the rather low 
transmission and an unknown change 

the observed radiation spectrum. 

Unless a beta ray is directed normal 

and toward the pencil axis, it pene- 
trates an unknown thickness of wall 

iterial and therefore its energy 
s reduced to an unknown degree. 

s “penumbra effect” changes the 

liation spectrum and renders the cal- 

ation of the theoretical dose rate in 
the center of the sensitive volume diffi- 

t and impractical. 
As expected, an iron-screen wall gave | 

bad photoelectric peak when sub- 

ted to gamma radiation of ~50—-200 








Perforated Aluminum Wall 


A pencil with an aluminum-screen 
rall proved to be too flimsy for field 
¢, but its response to radiation led us 
try perforated aluminum or mag- 
sium sheet as outer wall material. 
The greater mechanical strength of the 
netal permits the use of a much thinner 
).010-0.020 in.) wall so that the ratio | 
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THE FOUR AREAS WHEREIN KINNEY 
HIGH VACUUM OFFERS EXTRAS FOR YOU 


V QUALITY OF PRODUCT 





UNIFORMITY 





</ INCREASED PRODUCTION 





~ SOUND ECONOMY 





Relatively few products require the ultimate in High Vacuum 
which KINNEY Equipment makes available . . . many require- 
ments are as individual and unique as your appetite. That's 
why there’s such « broad range of sizes and models in the 


KINNEY line. . 


. TO PROVIDE A PRESCRIPTION ANSWER 


TO YOUR VACUUM PROBLEM. Thus, you benefit with Pumps 


you can “custom tailor” to your needs. . 


. Pumps that assure 


the quality, uniformity and low cost of the product plus im- 
portant savings of time in production. 


HIGH VACUUM 
PUMPS 


The range of sizes in KINNEY Oil 
Sealed Mechanical Pumps extends 
from small laboratory units devel- 
oping pressures to 0.2 microns to 
large production two-stage Me- 
chanical Booster Pumps providing 
ultimate pressures of 0.1 micron. 
Additionally, there is a full range of 
sizes in high performance Diffusion 
Pumps in beth Fractionating and 
Non-Fractionating Types. 


VACUUM 
SYSTEMS 


Completely engineered High Vac- 
uum Standard Systems for Coating, 
Metallizing, Cathodic Etching, Evap- 
orating, Crystal Growing, Sputter- 
ing, Evacuating, Vacuum Molding. 
or other purposes. Special equip- 
ment, engineered to accommodate 
special production schedules or to 
handle individual processes, built 
to your specifications or developed 
jointly with our engineering staff. 


IM ENWNEY wes. vivision 


j; THE NEW YORK AIR BRAKE COMPANY 





GET THE 
7.14 be | 


Write for full in 
formation on | 
KINNEY High 


Vacuum Pumps | Name 


| 6148 WASHINGTON STREET + BOSTON 30 + MASS 


Kindly send me literature describing new developments in 
() KINNEY High Vacuum Pumps C) KINNEY High Vacuum Systems 





and/or KINNEY 
High Vacuum 





Company 


Systems 





| Address 





| City 














careers in the peaceful 
applications of atomic energy 
RESEARCH 
OPPORTUNITIES 


in Theoretical Neutron Physics Group and 
Experimental Neutron Physics Group 


THEORETICAL 
PHYSICISTS 


Ph.D. or Masters degree essential. 

Conduct research in theoretical 

neutron physics and mathematical 
physics of nuclear reactors. 


EXPERIMENTAL 
PHYSICISTS 


Ph.D. or Masters degree essential. 
Perform and analyze experiments in 
nuclear and reactor physics and/or 
plan and analyze critical 
experiments. 


A valuable opportunity. Write 


== ATOMICS 
“U1 INTERNATIONA 


A OIVISION OF HORTH AMERICAN AVIA 6 ac 
Mr. G. W. Newton, Personnel Office, Dept. c, 
21600 Vanowen Street, Canoga Park, California 
(in the Suburban San Fernando Valley, 
Los Angeles) 





of hole diameter to wall thick .:es: 
bemuchlarger. This practica!|y o};,,; 
nates the penumbra effect, by 
the relative number of rays + 
through a portion of a hole a 
wall. 

Pencils constructed this wa 
a beta response of at least 50 
true dose received by the germina] |ay, 
of the skin through an epidermal 
of 7 mg/em*. Multiplying t! 
reading by two, therefore, w: 
the maximum beta dose 
establishing a safety factor 
higher-energy radiations. As th. 
dent radiation energy is changed | 
response to gamma radiation is 
proximately the same for th: 
num- and magnesium-wal| 
chambers and the gamma-sensit 
commercial, Victoreen pocket 


Calibration 


Since the dose rate in a 
accurately known from theoretica 
siderations of specific activity and t 
Bragg-Gray principle (1-3), an 
since this dose rate can be checke 
ther using the cavity as an ionizat 
chamber (4), the dosimeter pen 
be calibrated were inserted in 
for measured time intervals to 
mine their response to an isot 
given energy. 

Calibrations were done in’a 
shown in Fig. 2. The cell is ma 
stainless steel for ease in decontar 
tion; it has a gasketed plasti 
hollow cylindrical stub-openings 
jecting inward ~2 em on eac!l 
The very thin plastic wall of the « 
sure chamber is sealed around 
stubs. The cell is filled with a 
solution of a radioisotope, * 
and put under a partial va 
~1-2 in. of water. This decreas 
pressure on its walls causes th mI 
ation chamber to assume the shap grea 
perfect cylinder of accurately k f hi 
dimensions. A center electrode 
volume defining plug shown in Fig. ° 
may be inserted into this cylir 
form an ionization chamber. 

The plastic used around the « 
chamber of the cell was 
Mylar. Initially'the plastic was 
with aluminum on both sides 
of the radioisotopes concent: 
and on the wall. This pro! 
solved by evaporating a laye 
on the plastic and by filling 


* This method of calibrating 
eter by immersing it in a dilute: 
solution was suggested to us by 
Rossi (6) of Columbia Universit) 
grateful acknowledgment is made 
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olution of the nonradioactive 
f the element being used to 
y adsorption or plating on the 
take place before use of the 
tive solution. Precipitation of 
isotope and formation of col- 
st be avoided by proper choice 
d solubility of the compounds 


esired spectrum of beta radi- 
is covered by using 7 beta- 
sotopes with average energies 
from 52 kev (S*) to 694 kev 
Average energies of the beta 
n each isotope penetrating the 
hamber of our cell was calcu- 
rom the Spencer-Fano-Attix 
These values are shown 
top of Fig. 3, which compares 
vith the different chambers. 





nterpretation 


general, the beta dosimeter may 
e used by itself or in combina- 
vith the Victoreen pocket cham- 
In the latter case the reading 
e Victoreen is subtracted from 
g of the beta pencil and the 

e multiplied by two. This 
beta dose correctly if the beta 

s of low energy or overesti- 

a factor of two or less if 

beta radiation has been 
However, the beta pencil 

ne gives the percent of the 

m permissible skin exposure to 

ft and penetrating radiation. 
nstance, if the reading on the 
t the end of the day were 300 mr 
worker had been exposed to 
radiation exclusively, the pen- 

ld read 100% of his weekly 
mum permissible exposure for 
iting radiation. If he had been 
exclusively beta field, his beta 
vould not be greater than 300 
2 (since the response is 50% or 
ater) or 600 mr, which is again 100% 
s weekly permissible skin dose of 


adiation (8). 
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How Berkeley Scalers Measure 
Flow Rates with 2% to 5% 
Accuracy at Major Refinery 


Using radiotracer techniques developed by California Research 
Corporation, engineers at the Richmond refinery of Standard Oil 
Company of California are obtaining flow rate measurements with 
accuracies of 2% to 5%. 

As pictured above, Berkeley Model 2080 portable scalers count 
gamma radiation from a tracer injected upstream in the line, flow 
rate being determined by the total count method. 

The battery-operated 2080 was initially selected three years ago 
because it could safely be used in hazardous areas. Two more have 
since been purchased by the refinery. Convenience of the 16-lb 
scaler and its simplicity of operation have led to its use even in 
areas where line-powered instruments could be operated. 


In addition to flow rate measurements on crude, gasoline and 
other liquid lines, Cal Research engineers use Berkeley scalers and 
radiotracer techniques for tar entrainment determination, testing 
for leaks, studies of mixing in surge tanks and stills. 


Wherever precise flow rate knowledge is essential to proper processing, 
modern radiotracer techniques with Berkeley scalers (the only portable 
scalers with proved reliability) can aid in improved measurement and con- 
trol. Complete data is yours for the asking; please address Dept. £2 


Beckman’ 


Berkeley Division 
Richmond 8, California 


123 a division of Beckman Instruments, Inc 





EBWR FLOW DIAGRAM 


E WR FLOW’ DIAGRAM. § Steam at 600 psi passes directly to 5,000-kw turbine 


generator and then to condenser. 


provide for emergency shutdown if necessary 


EBWR Goes On Stream, 
Generates Power 


The EBWR- 
the first reactor in the Atomic Energy Commission’s power- 


Experimental Boiling Water Reactor—is 


reactor program to be completed. A direct-cycle boiling 
reactor, it the 20,000-kw (heat) power for 
5,000 kw of electricity, used by Argonne 
National Laboratory 


prov ides 


generating 


EBWR was completed on schedule and within cost esti- 
mates. The reactor first achieved criticality December 1, 
1956. It reached its rated 20,000-kw 
ber 28. In equipment check-out tests the first power was 
produced on December 23. 


level on Decem- 
Electricity at the rated power 


level was first generated on December 29. Some of that 


Condensate is pumped back to reactor 
vessel, but circulation within vessel is by natural convection only. 


Poison systems 


CONTROL ROD DRIVES (nine in all) ore 
located beneath reactor. All moving port 
are external to the reactor and each rod 


and drive mechanism can be removed with 
out draining vessel 


electricity was used to illuminate the reactor bu 
when the photograph on the cover of this issue was ta! 
The size of the plant, small in comparison wit! 
central station power plants, suits its purpose—t 
and demonstrate the practicality of direct-cycl 
It is primarily the “direct boiling 
generation of steam within the reactor vessel—t! 
tinguishes the EBWR from other types of powe: 


power reactors. 


see cover). The simplicity of the boiling design, 
heat exchangers, and the inherent safety characterist 
the system, give EBWR special significance in the : 
ment of nuclear power. 


LOADED CORE. Control rods fit into nine cross-shaped guides 


CORE FRAME being placed in pressure vessel 
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" Hottest Assembly 


Power Produced 
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NUCLEAR ENGINEERING 
Modifying CP-5 for 4-Mw Operation 


By W. H. McCORKLE, Argonne National Laboratory, Lemont, IUinois 





More than two years of experience Note 
Mw -ation | } h All joints to have 
1) with 1-Mw operation 1as shown the proper lek detectors 
general excellence of design and con- 
struction of the CP-5 reactor and justi- 


fed an increase to a 4-Mw operating Sesoin Upper shield 


evel. Since the basic components of [F is 
€ 2 heoders 
Reservoir 
































the reactor were designed to be ade- 
wate for much higher operating levels 
2), primarily safety modifications were 


necessary for operation above 1 Mw. Overflow - 
: level - 
interlock > Overflow - 


400 go! 








4t the same time it was possible to 
ntroduce additiona! facilities for neu- 























tron irradiations. ” 
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“" Shield 





Open -end 


tor onerating 60—C ave s , L nel 
After operating 60-90 days at 4 Mw, > helium wena 


the fuel assembly occupying the highest — 
fux position of the core has energy 
- . "tiie } Fuel plote 
stored in it, which at shutdown is re- i 
' ’ ' cylinder 
eased by radioactive decay and con- : 
erted into heat (3) at the rate of ~19 


a 


kw. The rate of generation of heat by - 
this process decreases with time after {> 
hutdown as shown by Fig. 1. How- Flow meter | 
ver, this decrease is slow enough that 
, serious hazard could arise if some 
event occurred that permitted the 
oderator-coolant to leave the reactor 
juickly. Hence cooling must be sup- , 
plied to the fuel assemblies for 8 hr or ) 
nger after shutdown to prevent them 
rom melting or becoming so hot that -~-Emergency pump 
toxie fission products would diffuse out SRane or meter 
. . driven ) 

the fuel tube materials. 

The emergency cooling system added 
to the CP-5 reactor has two principal ; heed Fi Primary 020 system 


Emergency Cooling Normal 0,0 level | 
a 
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FIG. 2. Emergency cooling system added to CP-5 features check valve at bottom of 
each fuel assembly plus by-pass reservoir system which supplies coolant at top of each 
assembly during operation 


Lad 
? 


components. Onecomponentisasim- systemdirects this coolant flow betweer 
ple check valve at the bottom of each the fuel tubes if the reactor moderator- 
- fuel assembly to retain coolant in the -coolant drops below the windows or 
o | 10 10 1900 10000 Dene ; x , : 

Time otter Shutdown (sec) fuel section of the assembly at all times outlet openings of the fuel assemblies 


unless it is desired to remove it. A For about 20 min after shutdown this 


Produced if Hottest Assembly 


one oae@ieenpn s& 





pa 





FiG. 1. Power produced in hottest 
cylindrical assembly after shutdown— . “ae 
based on operation for 60 days at composed of a 400-gal reservoir to ing adequate for reactor power levels 
power shown with 12 fuel elements and which a portion of the total considerably higher than 4 Mw. 
csuming that for heat generaten by coolant flow is bypassed and which, Details of the emergency cooling sys- 
fission-product decay 35% of energy is duri to tlt ‘ ae | iets ts Bien. Ds ; nd 3 

yeray, 20% of this is absorbed, and uring reactor operation, continually m are sh Les in Figs. 2a S. . 
hottest fuel assembly is 25% above supplies 1-2 gpm of coolant to the top Incorporation of interlocked safety 
average of each fuel assembly. A distribution devices and the absence of emergency- 
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second part of the emergency system is arrangement supplies emergency cool 








Toolmakers’ microscope reads to 0.0001” and 
1 minute of arc. Co-ordinate range 4" x 
Compact built-in rotary stage. 


Make precise measurements 
to 0.0001” and cut rejects | 
with Gaertner microscopes | 


Here are reliable, easy-to-use micro- | 
scopes for precise, indisputable measure- 


ment of piece parts, tools, dies, thread | 
gages, templates, jigs, fixtures, etc. With | 


these instruments you make direct, non- 
destructive measurements — no contact, 


no distortion, images are sharp and clear. | 


| activated valves insure that this cooling 
| system is always functioning while the 
operating. An 

pump is provided that can be operated 
j either by hand or electrically to con- 
tinue the emergency cooling as long as 


reactor is auxiliary 


| required. 


'High-Flux Thimbles 


To make 
thimbles available the fuel elements in 
| CP-5 redesigned in cylindrical 
iform rather than the plate-ty pe 
The new design pro- 


more high-flux irradiation 


were 
box 
originally used. 
vides a thimble in each fuel assembly to 
| supply radiations especially rich in fast 
Such 


radiation-damage studies and 


| neutrons. 
| ful for 
| for investigating neutron reactions that 
|have high-energy thresholds. Use of 
| these thimbles makes it easy to obtain 

information on the flux patterns in the 

reactor core. This 
| facilitates the calibration of the reactor 
| regulating rod and the shim rods more 
| ace urately and completely. 


facilities are very use- 


arrangement also 


Increased Flux 


Measurements of the neutron flux at 
| the 1-Mw power level in the thimble of 
the central fuel assembly indicate that 


ithe thermal flux may be as much as 


Through the engineering facilities at | 


our Chicago plant, these versatile, well- 


constructed microscopes can be adapted | 


to meet your exact needs. Find out now 


how you can gain new production savings | 


with Gaertner measuring microscopes. 


Coordinate 
Moasuring Microscope 


High precision, 

low cost instrument 
for 2-dimensional 
linear measurement. 
Range 2” x 2”, 
reading to 0.0001", 


Micrometer 
Slide Comparator 


Reliable, low cost 
instrument for linear 
measurement. Ranges 
up to 4”, reading to 
0.0001’ or 0.00005"’. 


Scale Micrometer or 
Shop Microscope 
High quality, low cost 
instrument with range 
up to 0.100’'. Reading to 
0.001", easy inter- 
polation to 0.0002". 


Write for Bulletin 161-54 


The Gaertner 
Scientifie Corporation 


1257 Wrightwood Ave., Chiacgo 14, Hil. 
Telephone: BUckingham 1~—5335 
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Thermal Neutron Flux (10 


FIG. 4. Flux traverse in CP-5 at | my, 
shows flux peaking that results from replace. 
ment of central fuel assembly with non-fyel. 
bearing assembly 


6-8 X 10'* in this facility at the 
level. The fast-neutron flux 
central fuel thimble should be ~1()'' 
higher. 

The reactor has been operated 
the central fuel 
a simplified non-fuel-bearing assem! 
consisting of a radiation thim 
and the shielding 
other radiation thimbles in the hea 
water just outside the reactor 
but having its bottom end seated 
the opening in the plenum chamber 
which would normally supply wate 
With this arrange. 
ment a minimum of aluminum is a 
to the reactor core. This arrangement 
causes a considerable peaking of th 
thermal flux in the center of th: 
The dashed portion of Fig. 4 
effect at the 1-Mw power leve 
trapolating to 4-Mw 
thermal neutron flux may be close t 
10'4 in such a central thimble. 

The increase of neutron intensit 
to the 4-Mw operating level will sig: 
cantly improve the quality of the 
expel ments 


assembly replaced 


used with 


a fuel assembly. 


operation 


obtainable from most 
This will be especially true for t! 
beam experiments that yield somew 
low counting rates at 1 Mw 
example, data from certain experin 
with the neutron chopper or mec! 
velocity selector may be impro 
most in proportion to the beam 
sity. Under ideal conditions th 
lution obtainable with the longer fi 
path that can now be used could ris 
the cube root of the relative incr 
beam intensity or as much as 50 


” » % 
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TECHNICAL 
RESEARCH 
(GROUP 


NUCLEAR RESEARCH 
AND DEVELOPMENT 
FOR INDUSTRIAL 
& MILITARY 
APPLICATIONS 


Reactor Design & 
Development 


Shielding 
Fuel Element Design 


Fuel Reprocessing & 
Handling 


High Temperature 
Materials 


Radiation Damage to 
Materials 


Instrumentation 


PROFESSIONAL STAFF: 


Approximately half of the 
technical staff is involved in 
nuclear programs. This includes 
physicists, chemists, mathemati- 
cians, metallurgists, ceramists 
and mechanical engineers, 


FACILITIES: 


Chemical, material, electronic 
and gas dynamic laboratories 
are available in addition to 
model shop and computational 
facilities 


CLIENTS: 


TRG’s clients include major 
chemical and industrial organ- 
izations as well as agencies of 
the Atomic Energy Commission 
and of the Departments of the 
Air Force, Navy and Army. 


Scientists interested in positions at 
Technical Research Group are invited 
to communicate with us 


How to Integrate the U’* 
Fission-Neutron Spectrum 


By F. T. BINFORD 


Operations Division 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 


Watt has shown that the energy dis- 
tribution of neutrons that result from 
thermal fission of U*** can be expressed 
in the form 


V(E) dE = Ae~® sinh ~/2E dE 
where N() dE is the fraction of neu- 
trons appearing with energies in the 
range FE to E + dE, and the factor A is 
a normalization factor (1). 

It is often useful to have the value of 

the integral 

N(a—b) = | N(E)dE 
the fraction of fission neutrons having 
initial energies betweenaandb. Tables 
of this integral exist but do not have 
wide distribution. 

The integral of the distribution func- 
tion can be expressed as the sum of 
hyperbolic and error functions. Since 
tables of these latter functions are read- 
ily available (2), the relations derived 
below can be used to compute the value 
of the integral. 

When written in exponential form, 
the first equation becomes 


2E 


E+~v2E \dE (1 
Multiplication of Eq. 1 by e-e-” = 1 
will complete the square of both expo- 
nentials, yielding 
_ ae 
N(E) dE = | 


») 


(2) 


VE+1/V2)") dE 


— ¢ | 


The substitutions, ~/E —1/+/2=¢ 
and YE + 1/2 = {, are now intro- 
duced, and the integral of Eq. 2 from 
E = 0 to E = zis formed 


i * N(E) dE 

v0 
Ae” [° s- 
2 tyes 


Equation 3 can be written in the form 


2 N(E) dE 


where the terms containing 2 
and 2¢e-** dt have been co1 
the first integral on the right 

by setting r= & =f. TI 
integral can be integrated 
The last two integrals on the right- 
side have the form of the error { 
or probability integral) defin 
relation 


erf (x) 


The error function has the f 
properties that are of use in th 
discussion 

) 
erf (b) — erf (a) = — | 
VT. 
erf (x) = —erf ( 
Upon integrating the first 


employing the last three relat 
obtain 


V(O—-2z) = [ N(E) dE 
U 


Ae”? 


T f 
V2 lerf (VW2+1/V2 


» 


(fz! 


For normalization it is requ 
lim f N(E) dE 
ang oO 


Now lim erf (2) = 1 and 
zs 

sinh V2z = 0. Thus, upo 

Eq. 5 into Eq. 6, we find 


A 


a & 0.483 


2 
= € 
Nr 

Thus, we have 


-& sinh v2 


9 
N(E) dE = \ = e~%e¢ 


and Eq. 6 becomes 
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Lg ferf (</z + 1/2) A 


/ 


Vzi-1 V/ 2)] 


“e-* sinh vy ‘Ox (7) Low Ir 


that the first term in Eq. 7 is | gg 


iverage value of the error func- | 
Vet+ 1/72 and Vz - 

For large values of y, erf y = 1 
3) = 0.999978). Thus if z | 


we have the approximation if 


9 


N(O 


* sinh 22 


— ¢~“e-* sinh Jaz | : 
rg 


In order to determine the fraction of stacé 


eutrons having energies lying between 
z, and E = zo, where 22 > 2, it 
V(O— 2) | 


y necessary to compute | 
0 — 22), for clearly 


N(0— ze) — N(O—> 21) 
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REACTOR FACTS 


Vanadium for nuclear use? Vana- 
m may yet turn out to be use- 
ss an alloying element with ura- 
m. It is a byproduct of uranium 

so there will be practical 

use that can 


luction, 
iue any economic 
leveloped for it. Engineers at 
Nuclear Metals, Inc., Cambridge, 
lass., have been searching for uses. 
Uranium-vanadium alloys have good 
extrusion con- 
tants. Addition of molybdenum and 
mium produced particularly low 
rusion constants in that 
Further work 
being conducted to examine the 
additions to 


rkability and low 


alloys 
ild be cold swaged. 
fluence of vanadium 
nium alloys. 
At one time it was hoped to use | 
nadium to make containers for 
Tests show, however, | 
that it is quite soluble in liquid bis- | 
ith and even more so in sodium. | 
Thus vanadium containers show pit- 


metals. 


ith. Another anticipated difficulty | 
‘ phigs and deposits, as vanadium will 


issolve in hot sections, deposit in cold. | 


’ 
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d intergranular attack from bis- 


FEATURES: 


@ Low inductance, high ringing frequency 
® High voltage ratings 

® High energy-content per unit 

® Hermetically sealed, liquid filled 

© Minimum cost per joule 


AXEL Low Inductance Capacitors are designed as high temperature 


| gas discharge sources for thermoneuclear power research. In this service 


they will deliver up to 450,000 peak amperes per unit into a low 
impedance gap, affording excellent opportunity for controlled fusion 
experimentation in the plasma. 


In addition, these capacitors are suitable for any application requir- 
ing high peak energy within a short time constant, including low im- 
pedance pulse forming network “E Line” capacitors, pulsed r.f. tank 
circuit components, and sub-microsecond X-Ray sources. 


The extremely low inductance of AXEL capacitors is achieved 
through the utilization of an r.f. transmission line configuration, This 
unique AXEL design employs the magnetic flux cancellation effect of 
the line to reduce inductance to a minimum. The result is.a unit of not 
only high voltage and high capacitance but also high ringing frequency. 


These efficient and reliable capacitors are HERMETICALLY- 
SEALED in a heavy-gauge welded steel case. Insulating creepage 
distance is provided by an insulating cover, which provides terminal 
access and keeps size to a minimum. 


Electrodes are made of dead-soft, dry annealed aluminum foil, held to 
the closest tolerances. Dielectrics used are high quality capacitor 
tissue and polyester film, with a stable, highly-PURIFIED oil impreg- 
nant having high dielectric constant and strength. 


AXEL ELECTRONICS 
Division of AXEL BROS., INC. 
134-20 Jamaica Ave., Jamaica 18, N. Y. 
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LIBRASCOPE X-Y PLOTTERS 
offer the highest accuracy in 
rapid graphic presentation for 
data handling. In ever expand- 
ing areas of application —in 
scientific laboratories, indus 
trial, engineering and business 
offices—wherever automatic 
plotting is important. 





Model 200-A 
Potentiometer Transducer type 


xX-Y PLOTTERS 


NEW LIBRASCOPE 


Model 200-B 


for 


808 WESTERN AVENUE 
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DC signal inputs 


Optional accessory input chas- 
sis provide for changing from 
one type of input to the other. 
A complete line of accessories 
— keyboards, binary, punched 
card and punched tape con- 
verters—make the new series of 
Librascope X-Y Plotters ideal for 
any point plotting or curve trac- 
ing assignment. 


ACCURACY: Static-.1% 
Dynamic-.5% at 5”/sec. 
RESPONSE: 1 second full scale 
PLOTTING AREA: 10°x 15” 
Absolutely drift free—High input impedance 
Reliable new ink feed system. 


Send for new 
8 page brochure. 


IBRASCOPE 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


* GLENDALE, CALIFORNIA 


‘APPLIED RADIATION 


Discharge Tube Is 
New Labeling Tool 


Cheap, simple, and easy labeling of organic « 
will probably result from recent experiment 
method is an extension of recoil-labeling t 
that use Li®(n,a)T and N'4(n,p)C" reactions (NU, Aug. ’56, p. 58). It 
eliminate their principal drawback—radiation damage. Unusually hig 
activities result. 

In these experiments a 100-yamp, 500-volt discharge passes between tw: 

| trodes in a tube containing low-pressure tritium (0.03-0.06 mm Hg). 1 

| diameter electrodes are separated by 2.5 cm, and the sample to be |: 

| spread in a thin layer on the cathode. A 30-min discharge produc: 
organically bound activities of about 0.1 mc/mg for all 11 compounds tried 
They vary in molecular weight from benzoic acid to bovine albumin. 
tubes with no discharge produce some labeling also, but it is less by a factor of 
‘a thousand to ten thousand. 

With this arrangement radiation damage is still a problem, for <10%, an 
sometimes none, of the activity appears in the original chemical, the rest in deg. 
radation products. Further work is directed toward reducing the degradation 

Speculation suggests that a more elaborate tube may improve the situat 

| Because of the considerable difference between the number of volts required t 
maintain a discharge and the number of electron volts required to break a bond 
one might profitably separate the two functions. A 3-element tube sugg 
itself with a geometry chosen to permit the separation. 
niques could be added. 

The originators of the process indicate that they are working along similar | 
They hope that the construction of a more elaborate and better controlled 

| source will improve results. 


) far 


Contr] 


Perhaps pulsing t 


*R. Wolfgang, T. Pratt, F. S. Rowland, J. Am. Chem. Soc. 78, 5,132 (1956). 


| 
| 
| 
| 





ieiais de Graaff Is 
| Drug Sterilizer 


The first-installed industrial Van de Graaff generat 

is currently processing the first commercially offered 

| sterile ointments. The Upjohn Company 

| Kalamazoo, Michigan, is using 2 Mrep doses of 1.8 Mev electrons to sterilize t 

| preparations after they are packaged and sealed. One contains the anti! 

neomycin. The other contains both neomycin and the hormone hydrocortison 
In the past‘ophthalmic preparations have been subject to restrictions of their 

bacterial count, but have never been sterile. 


eye 


Upjohn researchers have spent five 
years determining required dose and optimal operating conditions for thei: 
lization. They have found that sterilization becomes more difficult wit! 
temperatures, presence of protein, salt concentration, and certain pH lev 
The process is still considered a pilot operation, so cost assessments have n 
been made. 

Electron-beam sterilization has many advantages. It does not heat the p: 
uct appreciably, so it does not dama 
antibiotics as does heat sterilizat 
Since it is applied to sealed packages 
it eliminates costly and time-consum- 
ing methods by which masked 
gowned workers package products 1! 
sterilized containers under asepti 
ditions, including washed and filtere 
air. With the Van de G 
sealed packages are loaded 01 
and the trays pass on a « 
through the beam of the ac 
(see photo). 

The Upjohn machine has 
used to develop new strains 
from which there are increas 
of antibiotics. Sublethal doses of radiation are applied to known molds ‘0 ¢3U 
mutations in subsequent generations. 


trays 


Packages passing through electron beam 


~ 
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WHAT 1S TIME? 


ything that can be postulated is possible, says 
e—including timelessness. 
lhe latest table-talk among the rocket and mis- 
men has to do with the physics (and meta- 
sics) of photon propulsion: thrust for a space 
cle derived by shooting incredibly concentrated 
ms of light (photons) from its tail. Result — 


approaching that of light! Round trips to 
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distant galaxies could thus be accomplished in a 
single generation of the crew. Meanwhile, however, 
the Earth would have passed through a billion years 
possibly into cosmic oblivion ! 
The space-time ratio is increasingly a factor in 
the calculations of a brand new field of science 
known as astronautics...Work in this field at 


Martin is already at the threshold of tomorrow 


RE 
AVE ZA FEN 8 Oe 
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SEE COMPLETE 
DECONTAMINATION 
IN MINUTES 


ACOUSTICA 


Systems 


a ile 

Ultrasonic 

ay Gnel’(om 5 4-fel-thalel< 
[-[elene. mm 5-25! 


HHI A 


Here are two exclusive features of 
Acoustica high-powered transducers 
in nuclear applications: 

1. Not subject to radiation damage. 
2. Easily installed, maintained and 
replaced by remote-control “hands”. 


Acoustica’s Atomic Exposition ex- 
hibit will show how ultrasonics can 
reclaim expensive radioactive tools 
of any dimension, descale control 
rods, decontaminate fuel rods, clean 
bundles without disassembly, clean 
isotope sources before irradiation, 
degass liquids, improve heat trans- 
fer, and sense liquid level. 


ACOUSTICA ULTRASONIC 
APPLICATION: 


THERE'S A LOW-COST 
SYSTEM FOR EVERY 


World's largest sheet cleaner (under construc- 
tion) rated at 16,000 watts peak power. 


Heavy duty 
roll-around 8000 
watt peak power 
cleaner for large 

parts. 

(Model PP-3) 


Mobile 1600 
watt peak power 
cleaning console. 
(Model PP-1) 


a 
Bring your special process problems to 
Acoustica s engineering staff, available for con- 
sultation at the Atomic Exposition. 


FOR DETAILED DATA, PLEASE 
WRITE, PHONE, OR VISIT: 


ae 


j 
EOUSTICA / 
sociares. ine EM 


U J 
ACOUSTICA ASSOCIATES, INC. 


Glenwood Landing 3, Long Island, WN. Y. 
Phone Oriole 6-0370-1-2-3 
Designers and manufacturers of 
large and smali ultrasonic systems 
for all industries 








TECHNICAL ADVANCES 
| 


| Cold Fusion: Good 
Physics, No Power 


Judging by developments in the first weeks 
its initial observation, mu-meson-catalyzed { 
not join fission and ordinary fusion as a thi 
While fairly long chains of reactions can be cata] 


back” th 


|of atomic energy. 
|deuterium-tritium mixture they are insufficient to “pay 


eherey 
nergy 


required to get the meson in the first place. 


«a— Decay 
elactron 


/ o 


. 
Z 
—# . os f 
/@ incident 
* 


ce | 


Bubble-chamber tracks provide clue to mu-meson-catalyzed p-d fusion 
Phenomenon. First experimental evidence of cold fusion came in the coure 
of experiments at the University of California’s Radiation Laboratory using g 
liquid-hydrogen bubble chamber (liquid analog of the cloud chamber). Tracks 
were occasionally observed that could only be explained as being due: to a proces 
in which an incident negative mu meson is slowed down and comes to rest in the 
hydrogen and then is somehow re-emitted with about 5.4-Mev energy, eventua 
decaying in its characteristic mode with the emission of an electron. I: 
of the cases (see figure) there was a l-mm gap between the incident and eject 
mu-meson tracks, as if the mu were temporarily bound in a neutral entity 
Explanation. The Berkeley physicists reasoned that this phenomenor 
be due to a process in which the slowed-down mu meson is trapped by a | 
nucleus (proton) to form a mesic atom. (NU, May ’55, p. 37). This n 
mesic atom then diffuses until it attaches onto an atom of heavy hydrogen { 
ing what is the mesic equivalent of an ordinary H-D molecularion. Now b 
the mass of the mu meson is some 200 times that of the electron it brings the t 
nuclei of this molecule 200 times closer together than in the normal elect 
|molecule. When nuclei are brought this close together the probabilit 
nuclear reaction between them is vastly increased (by a factor of 10**! 
the proton and the deuteron can fuse to form He*. The 5.4-Mev e1 
given to the mu meson, which recoils as observed 





| excitation is eventually 
Note that the mu meson serves as a catalyst in the usual s 


bubble chamber. 
reaction rate without itself 


of the word, since it accelerates the nuclea 
| consumed. 

Theory. J. D. Jackson, Guggenheim Fellow at Princeton U., has p1 
theoretical description of mu-meson catalysis. The most favorable react 
|consider is the d-t reaction. The essential result is that the catalysis 
proceeds quickly compared with the 2.2 x 10~*sec lifetime 
quickly enough. One limiting factor is the 10~* see required to form t 
cule. Thus only about 10* reactions could be catalyzed within the mu 
lifetime. 

Unfortunately there is also a dead-end process that makes the mu c 
unavailable for further catalysis. It is the process in which the mu meso! 
bound to the He nucleus formed in the reaction. This takes place in 
of the reactions, so once again the catalytic chain reaction gets broke: 
insufficient to pay back the energy required to ge 


meson 


only 100 reactions 
mu meson in the first place 
Even if these limitations did not exist one would have to worry about 





‘that mu mesons can only be made with high-energy accelerators and t 
| both inefficient and low powered. 
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gineers interested in entering the field of 


ERTIAL GUIDANCE 


‘id whose potential is equalled by the magnitude of 
. The development of components with extraordinary 
cision alone offers unmatched scope for achievement. 


Lockheed’s Research Center in Palo Alto, engineers 

scientists are working on a number of different inertial 
nee systems. They are involved in all phases of 

tial guidance and navigation. 


expanding activities have created new positions for 
¢ possessing backgrounds in: 


® Mathematics 

® Physics 

* Electronics (such as magnetic amplifiers) 

* Servomechanisms 

* Flight Controls 

e Precision mechanical and 
instrumentation development 


"Special purpose computer design 
neers and scientists possessing experience or keen interest in 
ced applications of inertial guidance are invited to write. 


E. V. Stearns (left), head of the Inertial Guidance 
Department, discusses navigation systems 
mechanization with Inertial Guidance Scientist 
R. L. McKenzie (center) and Senior Electronics 
Scientist D. G. Peterson. 


bleed 


MISSILE SYSTEMS DIVISION 
research and engineering staff 
LOCKHEED AIRCRAFT CORPORATION 
VAN NUWS*+ PALO ALTO+SUNNYVALE 


CALIFORNIA 
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Nucleonics’ Guide to Philadelphia ¢ © ¢ 


The following hotels (official Congress hotels 
numbered 1-3) and restaurants have been 
recommended personally by the staff of our 
McGraw-Hill Bureau in Philadelphia: 


CENTER CITY HOTELS 


@ Bellevue-Stratford, Broad and Walnut Sts. 
2) Sheraton, 17th and Pennsylvania Blvd. 
3) Ben Franklin, 9th and Chestnut Sts. 
Warwick, 17th and Locust Sts. 
Barclay, 18th and Rittenhouse Sq. 
Adelphia, 13th and Chestnut Sts. 
John Bartram, Broad and Locust Sts. 
Sylvania, Locust below Broad St. 
Drake, 15th and Spruce Sts. 


CENTER CITY RESTAURANTS 


Arthur’s Steak House—3rd at Chancellor. 
One of Philadelphia’s oldest steak houses; 


5 ‘ trom. 
c phere. 


Barclay Hotel—Refined and exclusive at- 
mosphere, continental cuisine. 





Benny the Bum’s, 1321 Locust St. Special- 
izing in shrimp cocktail and steaks. 

Bookbinders, 125 Walnut St. The old 
original Bookbinders, famous for sea food 
the world over. 

Bookbinder’s Seafood House, 215 S. 15th 
St. Owned and operated by the original 
Bookbinder family. 

Drake Hotel—Good for planked-steak full 
course dinners. 

Henri’s Restaurant, 1330 Walnut St. 
food from Cape May. 

Hespe’s, 28 South 16th Si. German food a 
specialty with seafood a close second. 

The Pub, two locations—1522 Chestnut and 
1421 Sansom St. Their forte is hearty 
portions in both kitchen and bar. 

The Inn, 1233 Locust St. Featuring slavic 
decorations and slavic dishes. 

Shover’s, 412 Arch St. One of Phila- 
delphia’s most famous restaurants; vic- 
torian atmosphere. 


Sea- 


Tarello’s—1623 Chestnut St. Specializing i, 
Italian food. 

Warwick Hotel—The Warwick and fp. 
bassy Rooms for leisurely dining » 
fine food. Coach Room for busines 
men’s lunch, exclusive men’s bar—alloy. 
ing escorted ladies after 4 p.m. on Fr. 
days and Saturdays. 


CONVENTION HALL AREA 


Cavanaugh’s, 3128 Market St. One « 
West Philadelphia’s better restaurants. 
Penn Sherwood Hotel, Chestnut at 39th \ 
Specialties are roast beef, lobster tail. 
Oak Room Grill, Spruce and 35th & 
Right around the corner from (vo. 
vention Hall in University of Penns). 
vania’s Huston Hall. Excellent place for 
lunch. 

Hellers Colonial Dining Room, 3729 Spruc 
St. Homey atmosphere, fine lunches 





Nuclear Congress Papers 
(continued from p. 63) 
Reactors for Education 


The Water Boiler as an Instructional 
Tool—Clifford K. Beck, AEC 
Educational Uses of the Small 5- 
Watt Laboratory Reactor-—John 
W. Flora, Atomics International 
Div., North American Aviation 
Portable Polyethylene- Moderated 
Training and Research Reactor 
(AGN-201)—A. T. Biehl and R. A. 
Fayram, Aerojet-General Nucleonics 
Div., Aerojet-General Corp. 
Thermal Test Reactor—H. B. 
Stewart, G. B. Gavin and R. E. 
Slovacek, KAPL 
Reactor Experiments in ORSORT— 
Herbert Pomerance, ORNL 
Reactor Experiments at ISNSE, The 
Argonaut—R. H. Armstrong, C. N. 
Kelber, D. H. Lennox and Bernard 
I. Spinrad, ANL 
Reactor Experiments at 
critical Assemblies 
ANL 
Educational Uses of the Pickhe-Barrel— 
Richard M. Stephenson and Henrik 
Ager-Hanssen, NYU 
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ISNSE, Sub- 
Harry Bryant, 


Monday, 2:30—4:45 p.m. 
Fuel-Cycle Relationships 


Reactor Complex Interdependence Re- 
sulting from Fuel Recycle—W. A. 
Rodger and 8. Lawroski, ANL 

Reactor Design and the Fuel Cycle— 
R. B. Spooner, Koppers 

Fuel Element Fabrication—A. R. Mathe- 
son, Metals and Controls Corp. 

The Fuel Cycle from the Standpoint of 
the Fuel Processor—C. E. Steven- 
son, Phillips Petroleum 

Fuel Cycles in Single-Region Thermal 
Reactors—T. H. Pigford and Man- 
son Benedict, MIT 


Merchant Ship Safety 


Development of Safety Standards for 
Nuclear Propulsion of Merchant 
Ships—C. P. Murphy, Coast Guard 
Headquarters, and A. R. Gatewood, 
American Bureau of Shipping 

Some Possible Safety Measures for 
Nuclear Merchant Ships—Richard 
H. Fayram, Aerojet-General 


Waste Disposal | 


Disposal of Fission Products in Glass— 
R. W. Durham, AECL 


Over-all Geologic Approach to Dis 
posal—H. H. Hess, Princeto: 
Separation of Cesium and Strontiur 
from Calcined Metal Oxides oso 
Process in Disposal of High Leve 
Wastes—A. Abriss, J. J. Reill 
E. J. Tuthill, BNL 

Problems of State Enforcement Agencies 
in Handling Treatment and Dispose 
of Radioactive Wastes—ln 
Jensen, Washington State Depar' 
ment of Health 


Reactor Operation 


The Homogeneous Reactor Test Mockup 
I. Spiewak, Harold L. Falken- 

berry, ORNL 

Some Operational Problems 
Nuclear Power Plant—R. L. \\ itz 
and A. R. Jones, Westinghous 

Opportunities for Reducing the Invest: 
ment and Operating Costs of Uti! 
ity Size Nuclear Power Plants 
H. R. Hughes, General Ele 


of the 


Tuesday, 9:30—11:45 a.’ 


Fuel Manufacture 


Fabrication of Irradiated Reactor Fuels 
by Semiautomatic Remote Cor 
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Disp 


Disp 
Prim 
Engi 


ed Equipment—A. B. Shuck, | 


anium Alloy Fuel Plate for the| 


erimental Boiling Water Re- 


or—R. E. Macherey and C. H. | 


ANI 
Fuel Elements for Borax-lV— 
Handwerk and R. A. Noland, 


tion and Properties of Aqueous 
ium-Uranium Oxide Slurries 
D, Allred, C. E. Schilling, E. V 
¢ iJ. P. MeBride, ORNL 


Nuclear Standardization 


General and Administrative Stand- | 


is—W A. Kitts, III, General 


tric 


Nuclear Instruments—Nicholas Anton, | 


Electronic Laboratories 


Electrical Requirements for Nuclear Re- | 


actors and Atomic Systems—R. C. 
Sogge, General Electric 

Chemical Engineering in the Nuclear 
Field—R. P. Genereaux, DuPont 

Reactor Hazards—Harvey Wagner, De- 
troit Edison 

Radiation Protection in the Nuclear 
Field—W A. McAdams, General 

ectric 


Waste Disposal Il 


Geological Considerations of Waste 

Disposal: Thermal Considerations 
Herbert E. Skibitzke, U. S. Geo- 

logical Survey 

Atomic Waste Disposal by Injection into 
Aquifers—Edwin Roedder, U. §. 
Geological Survey 

Disposal of Radioactive Wastes—Abel 
Wolman, Johns Hopkins University 

Disposal of Radioactive Wastes in 
Reverse Wells—Warren J. Kauf- 
man, University of California 


Primary Coolant Systems 
Engineering Consideration in the Use of 


an Organic Reactor Coolant—W. E. | 


Parkins et al, Atomics International 

Diy., North America Aviation 
Boiling Water as a Reactor Coolant— 

Sam Untermeyer, General Electric 


Sas Coolant for Nuclear Reactors— | 
M. Silberberg, Ford Instrument | 


Div., Sperry-Rand 


Operation of Sodium Coolant in SRE— | 


J. E. Nolan, Westinghouse 


Operational Experience with a UO-NaK | 


Slurry in a Loop at 600° C—H. E. 
Flotow, R. D. Carlson, B. M. 
Abraham, ANL 

Tuesday, 2:30—4:45 p.m. 


Small Plant Components 


Pumps for Nuclear Power Plants—A. F. | 


Erwin, Allis-Chalmers 
tlectromagnetic and Mechanical Pumps 


of EBR Sodium System—R. A. Jaross | 


and 0. H. Seim, ANL 


vse of Clad Piping—J. H. Proctor, | 


Lukens Steel 


Piping as Applied to Nuclear Energy | 


Applications—D. B. Rossheim, J. J. 
Murphy, C. R. Soderberg and H. 8. 
Blumberg, MW Kellogg Co. 


On Quality Requirements for Steel 


Valves for Nuclear Power Plants— 
|. J. Kanter, Crane Co. 
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VITRO ENGINEERING— 
and the New Age in India 


ITRO Engineering Division has received the réle of engineers to 
the Indian Government in building the world’s largest heavy 
water and fertilizer complex. 


Vitro Engineering’s part in this $46,000,000 development includes 
design of the heavy water plant, the primary electrolysis plant for 
hydrogen production, evaluation and selection of fertilizer processes, 
site development, and supply of services. The plant, near the Bhakra- 
Nangal Dam, will supply a titanic 200,000 tons of ammonium nitrate 
fertilizer annually, plus heavy water as needed for India’s nuclear 
program. It is a plant worthy of Bhakra-Nangal, one of history’s 
greatest dams. 


The plant’s flow sheet is classically simple. Electricity, air and 
water are the primary raw materials. Yet to convert them into heavy 
water and fertilizer on a massive scale requires top engineering per- 
formance. This is why Vitro was selected in competition with the 
leading engineering firms of the world. 


Vitro Engineering, now well engaged in foreign activity, is also at 
work in Europe, where it is designing Italy’s principal nuclear re- 
search center. 


These diverse international projects demonstrate again Vitro’s 
ability to design and engineeer facilities across the spectrum of 
modern technology. 


Write for information to VITRO ENGINEERING DIVISION 


Vitra 


@ Research, development, weapons systems 
3K Nuclear and process engineering, design 
A Refinery engineering, design, construction 
42 Uranium mining, milling, and processing 





CORPORATION of AMERICA 
261 Madison Ave., New York 16, N.Y. 
Ss Thorium, rare earths, and heavy minerals 
@ Recovery of rare metals and fine chemicals 


BA Aircraft components and ordnance systems 
€ Ceramic colors, pigments, and chemicals 
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EARTHS CHEMICALS. 





Ready to 8 


. those industries and companies which have set 
their sights on the profitable possibilities in the nuclear 
chemistry field, the Davison Chemical Co. has con- 
solidated its operations in THORIUM AND RARE 


Two plants, one at Pompton Plains, N. J. (formerly 
Rare Earths, Inc.) and one at Baltimore, Md. are in 
operation. Your inquiries concerning our products 
and services are welcomed. 


DAVISON CHEMICAL COMPANY 


Division of W. R. Grace & Co. 
Baltimore 3, Md. and Box 488 Pompton Plains, N. J. 
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@ RESISTORS 


HIGH VOLTAGE 


* Ray St | 
High Frequency Resistors 

Used where requirements call for very low 
inductance, capacitance and skin effect in cir- 
cuits involving pulses and steep wave fronts. 
Depending on size and resistance valve, these 
resistors ore usable at frequencies to over 400 
me. Resistonce valves range from 20 ohms to 
100 megohms with tolerance of 20% to 5%. 
2 types available. 
TYPE G resistors (shown) are tubular, in 
6 sizes from 41/2" long x 34” diameter to 18/2" 
long x 2° diameter. With band terminals or 
ferrules. Power rating 10 to 100 watts. 
TYPE F resistors (not shown) in 8 sizes from 
9/16" long x 0.10” diameter to 62" long x 
9/16" diameter. Lugs or wire leads. Power 
rating V4 to 10 wotts. 


HIGH MEGOHM 





HIGH FREQUENCY 


aan 


High Voltage Resistors 


Type B Resistors are stable compact units for 
use up to 40 KV. __ These resistors are used for 
VT liers, high resi e volt- 
oge dividers, ten high resistance stan- 
dards and in radiation equipment. They can 
be furnished in resistance to 100,000 megohms. 
Available as tapped resistors and matched 
pairs. Sizes range from a | watt resistor 1 inch 
long x X, inch diameter rated at 3500 volts, 
to a 10 watt resistor 64 inches long x %, inch 
diameter rated at 40 KV. Low temperature 
and voltage coefficients. Standard resistance 
tolerance 15%. Tolerances of 10%, 5% and 
3% available. Tolerance of 2% available in 
matched pairs. 





RESISTANCE PRODUCTS CO. 


914 S. 13th STREET 


Spe 


HARRISBURG, PENNA. 





60-Cycle Induction Heating of 
Systems—R. A. Jaross a: 
Seim, ANL 


Radiation Protection Code; 


Changes in Maximum Permis 
posure Values Recommend 
1956 by the International 
sion on Radiological Prot 
K. Z. Morgan, ORNL 
Impact of the Lowered Ro 
Exposure Limits on Radiatic 
trol Problems—L. 8S. Tay 
tional Bureau of Standards 

Status of Radiation Protection | 
tion and Codification—W. \ 
Adams, General Electric 

Regulations Controlling the Use , 
Radioactivity by AEC Licensee; 
Forrest Western, AEC 

Statistics on Radiation Exposures {p 
Use in Labor, Insurance, Econom 
and Scientific Studies—W 
Claus, AEC 


Shielding 

Control of Radioactive Material o 
the Pressurized Water Reacto, 
Jacques R. La Pointe, Westinghous 

Structural Properties of Magnitite Con. 
crete—Jerome M. Raphael 
versity of California 

Materials of Biological 
H. M. Glenn, ORNL 

Structural Features of the Waste Di: 
posal System for the 164 _ 
Atomic Power Station—H. " 
Stone & Webster Engineering 

The Application of Radioisotopes to the 
Measurement of Soil Moisture 
Content and Density—Paul F. ( 
ton, Army Corps of Engineers 


Shielding 


| Aqueous Fuel Processing 


| 


Head-End Steps in Preparation of Fuels 
for Aqueous Processing—J 
Buckham, Phillips Petroleum 

New Developments in Head-End Meth 
ods for Preparation of Fuels for 
Aqueous Processing—R. E. Blat 
and J. E. Savolainen, ORNL 

Comments on Waste Disposal at Hor 
ford—M. J. Stedwell and R 
Burns, Hanford 

An lon Exchange Process for the Recov 
ery of Plutonium from Irradiated 
Fuels—A. M. Aikin, Atomic Energ 
of Canada, Ltd. 

Waste Disposal as Related to Chemico 
Processing—Gordon G. Robe 
Conrad P. Straub, Taft Sanita 
Engineering 

An Electrolytic Recycle Process 
Waste Treatment—H. W. Alter 
D. L. Barney, KAPL 

Nuclear Safety Considerations in Re- 
actor Fuels Processing Plant De 
sign—Norman Ketzlach, H 


Wednesday, 9:30—11:45 
Large Plant Components 


Boilers for Nuclear Power Plants 
Cartinhour, Foster Wheeler ‘ 


| Problems Encountered in the Design © 


Vessels 


Boile 


Pressurized Water Reacto 
to Meet the Intent of the 
Code—S. L. Lindbeck, 
house, and A. D. Halporn, J 
bustion Engineering 
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vations for Predicting Perform- 
of a Nuclear Power Plant 

surizer—T. Glasser, KAPL 

dling System for a Fast Breeder 

ctor—J. E. Seward and C. P. 
APDA 


tion Processing 


ionizing Radiations in Control 
Parasitic Infections—J. Villella, 
Gomberg and 8. E. Gould, 
rsity of Michigan 
« Concepts in the Application of 
onizing Radiations to Foods for 
Preservation—D. H. Rest, B. H. 
gan, G. E. Danald, G. E. Tripp, 
M. Simon, Quartermaster Corps 
s Megacurie Cobalt 60 Food Irradi- 
stor —B. Manowitz, O. A. Kuhl and 
ard Galanter, BNL 
Peacetime Utilization of lonizing Radi- 


ation to the Chemical Industry— 


kK. H. Sun, Westinghouse 


Nuclear Reactor as an Instrument | 


of Medical Research and Therapy 
Eg. Stickley, G. S. Robertson, 
, B. Farr, BNL 


Nonaqueous Fuel Processing 


Pile Fuel Processing Loop-——C. Rase- 
man, H. Susskind and G. H. Waide, 
BNL 
Decontamination of Irradiated Uranium 
by Fluoride Volatility Process— 
W. J. Mecham, R. W. Kessie, W. B. 
Seefeldt and R. C. Liimatainen, ANL 
Magnesium Extraction Process for Plu- 
: tonium Separation from Uranium— 
I. O. Winseh and L. Burris, Jr., ANL 
Conceptual Design of Pyrometallurgical 
Reprocessing Plant—Louis Basel 
nd Joseph Koslov, United Engi- 
neers & Constructors 
Conceptual Design of Remote Fabrica- 


tion Plant—C. M. Ladd, APDA and | 


] Koslov. Vitro Corp. 


Reactor Design 


Engineering Aspects of the Nuclear | 


Design of Power Reaction—M. J. 
Galper and O. J. Woodruff, Jr., 
Westinghouse 

Nuclear Powered Gas Turbines for 
light Weight Power Plants—F. 
Hammitt and H. A. Ohlgren, Uni- 
versity of Michigan 

Considerations in the Design of Pres- 


surized Water Reactor Plants—"| 


J. E. Nolan and J. R. LaPointe, 
Westinghouse 


Design and Construction of the Engi- | 


neering Test Reactor——-Philip D. 
Bush, Kaiser Engineers 

Stress Corrosion Cracking Problems in 
the Homogeneous Reactor Test 
HRT)—E. G. Bohlman and G. M. 
Adamson, ORNL 


Wednesday, 2:30—4:45 p.m. 


Core Design 


£BR-Il Control Drive Mechanism—Ernest 
Hutter, ANL 
On the Significance of Reynolds Number 
on Reactor Design—F. L. Jackson, 
J. P. Waggener, Franklin Institute, 
Jos. 8. Busch, Luther H. Har- 
, Westinghouse 
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avid Metal Fuel Reactor (LMFR) In- | 


Staplex 


HI-VOLUME 


AIR SAMPLER 
accurately samples the air for 
radioactive material, particulate matter, etc. 


Hundreds used in Atomic Energy tests, and by Industries 
employing, developing and manufacturing nuclear 
products . . . Literally “inhales” an entire area with 
unparalleled speed and accuracy . . . Particles as small 
as 1/100th a micron in diameter have been accurately 
sampled by this unit . . . Portable . . . Designed for 
indoor and outdoor use . . . Indispensable for series or 
unit tests. 24V, 110V, & 
220 V models available. 
THESfoplex co. 
For details about this oF ihieh 
new scientific method | AIR SAMPLER DIVISION 
783~—5Sth Ave., Brooklyn 32, N.Y. 


























Appointments to the Scientific Staff for 


Electrical Engineers 


are available in the following areas 


e design and construction of a modern high speed 
DIGITAL COMPUTER 


e design and development of control systems and power 
amplifiers for a 25 Bev. ALTERNATING 
GRADIENT SYNCHROTON 


For information please write to 


Office of : 
Scientific Personnel wTION4; 


A Center for 
Nuclear Research 
and Development 


Brookhaven 
National 
Laboratory 


Upton, L.1., N. Y., YAphank 4-6262 














is AUTOMATIC x-ray 
AND GAMMA RAY DOSIMETRY 


IMPORTANT 10 YOU? 


Se a oe oe oe 


El VICTOREEN 


= 2) MODEL 575 
ll’ RADOCON 


AND 
TYPICAL PROBES 


The Victoreen Radocon puts radiation measurement on a completely 
automatic basis. Total quantity and rate of application can be preset 
and without further adjustment or trial calculations the predeter- 
mined radiation dose can be administered. 

An easy to read roentgens-per-minute meter is integrated with a 
counter. Signal lights on panel indicate progress and on completion 
of cycle a buzzer sounds and a relay will automatically actuate a 
mechanism to block the radiation beam. The Radocon is accurate. 
Error is normally less than 2 or 3% and never over 5% at full scale. 
This offers more than the ordinary safety factor. 

Depending upon probe used, the Radocon can administer from 1.6 
milliroentgens to 499,500 roentgens at rates from 0.1 to 50,000 r/min. 
Operates from any 105-130 volt single phase 60 cycle circuit. 


Write for Catalog 3043. 


INSTRUMENTS DIVISION 


<A , 
Vv The Victoreen Instrument Co 


5806 HOUGH AVE. CLEVELAND 3, OHIO 


fs oe oe se ee es ee es es 





Absorber Materials for Reoc:o; 
trol—W. K. Anderson a 
Dunning, KAPL 


Uranium Metallurgy 


The Effect of Cooling Rate o 
cleation and Growth 
Uranium Hydride in Met< 
nium—H. R. Gardner 
Riches, Hanford 

Effects of Alloying Element Addition; »: 
Al, Si, Mo, Ti, V, Zr and Nb on s 
Thermal Cycling Stability of [». 
nium—S. T. Zegler and 
Chiswik, ANL 

A Study of the Tensile Transition 
Alpha Uranium—Lyle | [ 
Jr., Battelle 

Metallographic Studies on Neutrop. 
Irradiated Non-Fissionable Meto); 
—C. A. Bruch, W. E. McHug 
Louise J. Doig, KAPL 

Effects of Grain Size on the Growth o 
Alpha-Uranium under Irradiation 
R. Resnick and L. Seigle, Sy! : 

The Effect of Irradiation on the Te». 
sile Properties of Uranium—| 
Hueschen, R. 8. Kemper and § k 
Kelly, General Electric 


Instrumentation 


Health Physics Instrumentation for , 
Power Reactor—G. Hoyt Whi 
University of Rochester 

A Resistance Tempercture Detector fo; 
Nuclear Reactor Service—|! 
Sias, General Electric 

Safety Circuit Development at Brook. 
haven National Laboratory 
Binns, W. Lones, D. G. | 
BNL, M. Melice, NDA 

Recent Developments in the Nucleor 
Instrumentation at the Knolls Atomic 
Power Laboratory—R. 8. Stor 
General Electric 

Ultrasonic Flowmeter Monitors Rea 
tor Heat Exchange Circulation 
M. Koblenz, R. M. Spiegel, H 
Sterling and §S. Kass, Fisher a 
Porter Co. 

Radiation Flux Conditions in Radio 
active Media with Applications to 
Radiation Monitoring—Bjor 
Dahlin, Minneapolis-Honeyw: 


ANS Meeting Report 


Thermonuclear Research—Alan ik 
NRL 

Reactor Theory—A. M. Weinbe 
ORNL 

Reactor Kinetics, Experimenta! 
Schroeder, Phillips Petroleun 

Reactor Engineering and Plant Design 
J. W. Landis, Babcock & Wilco: 

Engineering Problems and Reactor Cor 
tainment—L. J. Koch, AN! 


} 


Fuel Cycle Economics 

Fuel Processing and Recycling * 
Notural Uranium Power Reactors 
H. K. Rae, Atomic Fnerg) 
Oanada, Ltd. 

The Economics of Ceremic Fue! fe 
ments—J. R. Johnson, \! 
Mining and Manufacturing 
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,omic Background for the Com- 
tive Development of Nuclear 
er—H. W. Nelson and W. R. 

ev, Jr., Battelle 

el Fabrication Economics Para- 
c Studies—Donald Kallman, 
wk and Wilcox 


sday, 9:30—11:45 a.m. 


Reactor Control and Simulators 


dynamic Simulation of a Fast Reactor 
"" System—R. G. Olson, APDA 
trol Problems in Sodium-Cooled, 
Graphite- Moderated Reactors—J. 
)wens, Atomics International 
The Development of a Universal Type 
Control Drive Mechanism for Nu- 
Hinrichs 


ae 

clear Reactors—Charles 
i Gilbert Rolan, AMF 
Logarithmic-Diode Counting-Rate 

Meter and Period Meter—B. B. 
rrow, Hycon Eastern 


Natural Resources 


Exploration, Resources and Production 
of Uranium—Robert D. Nininger, 


Recent Advances in the Geology of | 


Geo- | 


Developments in 
chemistry and Minerology—Robert 
M. Garrels, Harvard 

laboratory Investigations on the Origin 
of Uranium and Vanadium in the 
Ores of the Colorado Plateau— 
\lfred M. Pommer, Geological 
Survey 

Crystal Chemistry of Carnotite—P. B. 

und D. E. Appleman, Geo- 


ai Survey 


Uranium 


New Developments in Methods of 
Radiometric Assay for Uranium— 
Herbert L. Volchok, Isotopes Inc. 


Reactor Metallurgy 


Transformation Kinetics and Mechan- 
ical Properties of 0.5 and 1.0 
w/o Molybdenum-Uranium Alloys— 
E. G. Zukas, 


The Metastable Gamma Phase in | 
Molybdenum Al- | 


Uranium Base 
loys—W. A. Bostrom and E. K. 
Halteman, Westinghouse 


The Corrosion of Uranium-Molybdenum | 
Alloys in High Temperature Water | 
Cohen, | 


M. W. Bukart and I. 

R. K. McGeary, Westinghouse 

Self-Diffusion in Thorium—C. 
han, Atomics International 

sternal Friction and Shear Modulus of 
Thorium at 
C. E. Dixon and H. Hori, Atomics 
International 

Efect of Cold Work on the Mechanical 
Properties of Zircaloy-2—F. For- 
scher, Westinghouse 


Heat Transfer 


Nusselt Values for Estimating Turbulent | 


Liquid Metal Heat Transfer in Non- 
Circular Ducts—James P. Hartnett 
and Thomas F. Irvine, Jr., Uni- 
ersity of Minnesota 

Netural Convection Inside Horizontal 
Cylinder—William R. Martini and 
Stuart W. Churchill, University of 
Michigan 
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How Barco Ball Joints Solve 
Piping Flexibility Problems 


FOR HIGH PRESSURE STEAM OR RADIOACTIVE MATERIAL. 
AT TEMPERATURES UP TO 1000° TO 1200°F. 


OR AS LOW 


AS -—300°F. 








BARCO 
BALL JOINT 7 


PIVOT POINT \ 


ONE JOINT — Provides for angular motion or 
positioning of piping in any plane. (Also see 
below.) 


BALL JOINTS——__W& 


TWO JOINTS —This arrangement provides 
for piping alignment or simple flexible 
connection. 








BARCO 
BALL JOINT 


ONE JOINT— Allows for full 360° swivel or 
swing motion, in addition to ongular move- 
ment shown above. 





e = 
eK, 
BARCO BALL JOINTS— ’ 


THREE (OR MORE) JOINTS —For complete flex- 
ibility. Any angle! Any rodivs! Any plane! 
Many arrangements possible 








University of Cali- | 


J. Mee- | 


High Temperatures— | 


hy ie distinctive characteristics and features make Barco 
Flexible Ball Joints particularly well-suited for many high 
temperature, high pressure applications: 


1. Radioactivity resistant seals. 


2. Maximum safety for virtually any pressure and temperature conditions. 


oe Usually no deterioration due to 


normal operation. Special activities 


may require special materials. Repairs and maintenance are very low 


and lubrication is not required. 


4. All-metal construction. No ball bearings. Special metals can be specified. 


5. Basic design is pressure sealing against leakage and self-adjusting for 


wear. 


6. Easy to engineer joints into piping to provide for any degree of 
flexibility, expansion, or movement required. 


For information and recommendations on how to select, specify, 
and use Barco Joints, address letter to: 


BARCO 


567-C NORTH HOUGH STREET 
BARRINGTON, ILLINOIS 


ba 
MOVES IN 
ANY 











ANTON.. 


where precision 
COUNTS | 


| Ratemeters 
| 
. 


The most precise laboratory ratemeter avail- 
able, Anton’s 229 Series has 7 scales, in- 
cluding a single log scale from 300-50,000 
cpm with accuracy of better than +2% of | 
meter reading above | 
range input sensitivity and provides precise 
and efficient measurement of radioactivity 
in industry, research and medicine. 


y 


700 
Survey 


the po iy CDV-700 type 


specifications 


survey meter which can be exposed con- 


tinuously to high intensity radiation without | 
detector failure. Probe uses Anton halogen 
quenched, very thin wall, stainless steel 
counter tube. Accuracy assured from -55°C | 
to +75°C, 


Ratemeter 


dual range (0-5000; 
exclusive input design. 


Low-cost, accurate, 
0-50,000 cpm)... 


Supplied with Anton long-lived, stainless | 
thin wall (30 | 


steel, halogen quenched, 
mg/cm®) counter tube or a wide range of 
other tubes. Unit features a jack for external 
meters, terminal board construction and | 
oscilloscope connections. 


6001 Sample Changer | 


= 


For quick, accurate measurement of low in- | 
tensity radiation. Designed for use of one or 
two Anton pancake type, high beta sensi- | 
tivity, low background counter tubes. Pro- | 
vides 2” lead plus 3/16” aluminum shielding 
in all directions, lowering the background 
count by a factor of from two to four. Makes 
possible counting geometry of nearly 100%. | 


Write Dept. NI for complete catalog of 
Anton nuclear tubes and instruments. 


ANTON ELECTRONIC LABORATORIES, INC 


3 scale. It has dual | 


|A Wire-Activation Technique for 


| Solid-State Neutron-Flux 


The Integral-Spectrum Method for! 


Gamma Heating Calculations in 
| Nuclear Reactors—Lloyd G. Alex- 
ander, ORNL 


Thursday, 2:30—4:45 p.m, 


Natural Resources Il 


Patterns of Disequilibrium in Radio- 
active Ores—John H. Rosholt, Geo- 
logical Survey 

Zirconium: Mineralogy and Geochem- 
istry—Clifford Frondel, Harvard 

| Environment of Some Wyoming Uranium 
Deposits—Eugene W. 
AEC 


Uranium West of the Colorado Plateau | 


D. L. David and B. J. Sharp, AEC 
Recent Uranium Redistribution 
Cameron, Arizona Deposits 
Austin, AEC 
Natural Occurrence of Thorium 
Phair, Geological Survey 


George 


Alloy Metallurgy 


The Effect of Oxygen on Zirconium- 
Uranium Epsilon-Phase Alloys—A. 
A. Bauer, F. A. Rough and H. A. 
Sallir, Battelle 

| The Transformation Kinetics of Uranium- 


Zirconium Alloys Containing 50 and | 


Kearns, 


60 w/o Uranium—J. J. 
Westinghouse 


The Corrosion Properties of Zirconium- | 


Base Fuel Alloys—S. Kass, Westing- 
house 

Corrosion Behavior of Intermediate 
Uranium-Zirconium Alloys in High- 
Temperature Water—K. M. Gold- 
man and 8. Kass, Westinghouse 

Uranium-Columbium Alloy Diagram 
B. A. Rogers, D. F. Atkins, E. J. 
Manthos and M. E. Kirkpatrick, 
Iowa State College 

| Continuous Cooling Transformation 
Studies -for the U-10—-wt-%-—Nb 
Alloy—J. 8. Parry, R. J. van Thyne 
and D. J. MePherson, Illinois Insti- 
tute of Technology 

Effects of Irradiation on Powder Com- 
pacts of Uranium . Some Ura- 
nium-Base Alloys—J. H. Kittel and 
8S. H. Paine, ANL 

| Radiation Stability Studies of Binary 

Uranium Alloys—G. D. Calkins, 

J. E. Gates, A. A. Bauer and F. A. 

Rough, Battelle 


Instrumentation Development 


Re- 

actor-Flux-Profile Measurements 
E. Klickman, Battelle and F. R 

DeFalco, Westinghouse 

Development 
Flux- Measuring Instrument—C. V. 
Weaver, C. K. Smith and J. W. 
Chastain, Battelle 


System—Truman 8. Gray, 


Jr., General Electronic Laboratories, 
and Frank 8. Replogle, Jr., Schlum- 
berger Well Surveying Corp. 

Acoustic lonization Chamber—D. R. 
Whitehouse and F. 8. Replogle, Jr., 
MIT 





Grutt, Jr., | 


in the| 
Ralph | 


— 


FILM HOLDER 


Radiation Dosimeter 





Mfg. by 


A. M. SAMPLES MACHINE (0. 


208 Tazewell Pike 
Knoxville 18, Tennessee 








of a Thermal-Neutron- | 


Measuring | 
Richard 
H. Spencer, MIT, William M. Grim, 





COMPLETE 
CUSTOM OR PRODUCTION 


METAL 
FABRICATION 


* ASME Code Fabrication 

* High Tolerance Machining 

* On Time Delivery 

* Engineering Service 

* Spectroscopically tight welding for sys 
tems operating at pressures varying 
from 60 microns to 10,000 psi, over 
temperature ranges to 2,000 F 


WE ARE COMPLETELY EQUIPPED TO 
HANDLE: 


Stainless Steel Copper 
Carbon Steel Lea 
Inconel Aluminum 
Monel Titanium 
Nickel Zirconium 


WE HAVE AND CAN FABRICATE 


Tanks Specimen Hi 
Pressure Vessels Radioactive 1 
Heat Exchangers — 
Piping Systems 


. Furnaces 
Glove Boxes Specialty Dev 


ADLER’S METAL WORKS 


1310 Germantown Ave 
Philadelphia 22, Pa. 
STevenson 4-3837 


"If we can't perform, we won't bid 





| 
| 
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FOR SCINTILLATION & 
PROPORTIONAL COUNTING 


NON-OVERLOADING LINEAR AMPLIFIERS 
wodels 108 
& 108P 


100, 
ously 


ain * 
contr 


mEMENDOUS DYNAMIC RANGE Exceeds 1,000,000 


(0.1 mv te 100v 
josed on Improved Chase-Higinbotham design. 
Excellent linearity for small pulses in the presence of | 
wemendous overloads thet paralyze other amplifiers. 
PULSE HEIGHT SELECTOR (Supplied only on Model 

ap Precision trigger-type. 


PRECISION HIGH VOLTAGE SUPPLIES | 


Model 515 
Positive and 
Negative) 


¢ 500-1500 volts, 1 m.a. (2 m.a. to IKV) 

¢ Continuously variable 

¢ Polarity switch makes this highly regulated 
supply equivalent to two separate precision 
nstruments 

Drift less than .01% over several hours; less 
than .02% per day. Regulation .0002% T 
% change in line voltage for line voltages - 
tween 70 an 

* Precision voltage divider (0.1% resistors) for 
precise reading of output voltage 


pane! meter. Dual teflon connectors 
a 


odel 108 Amplifier $545.00 
de! 108P Amplifier (includes pulse- 
height selector) 595.00 

Amplifier (gain of 1000) 
Mercury Pulse Generator 

HV Supply (500-1500 volts) § 
HV Supply (1000-4000 volts) 
Sliding Pulser $4 
(prices FOB Silver Spring) 


RADIATION INSTRUMENT CO. 


’.0. BOX 733 SILVER SPRING, MARYLAND 


model 112 
Mode! 401 
model 515 
Model 540 
Model 412 








DON'T BUY A 
SCALER... 


UNTIL YOU'VE SEEN 
THE ALL NEW 
NU-TRONIC" Super Series 
WITH 
UNITIZED PLUG-IN SECTIONS. 


A COMPLETE SELECTION 
FOR ANY APPLICATION 





NEVER 
BECOMES OBSOLETE 








See us at 
BOOTH 311 


International 
Atomic Exposition 


UCLEAR ELECTRONICS CORP. 


2632-36 W. CUMBERLAND ST. 
PHILADELPHIA 32, PENNA. 
SAGAMORE 2-2662 





and Insurance. 


| clear Power—Part Il. 
| facts presented at first session. 
| e - , _ ° ~ 

| chairman will be W. K. Davis, director 
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Millimicrosecond Coincident System 
J. G. Lundholm, Jr., J. A. Bjorkland 
and A. C. Menius, Jr., North Caro- 
lina State College 

Evolution of Neutron Sensing Elements 
Scientific Laboratory to Industrial 
Application—Leslie Johnson, Neu- 
tronics Laboratory 


| Heat Transfer Problems 


Transient Thermodynamics of Reactor 
and Process Apporatus—D. H. 
Brown, KAPL 

Electrical Problems in Electrical Burnout 
Testing of Nuclear Fuel Elements 
T. W. Hunt, Westinghouse 

Mechanical and Thermal Problems of 
Water Cooled Nuclear Power Re- 
actors—N. J. Palladino and J 
Sherman, Westinghouse 

Time and Temperature, Dependence 
of Thermal Stresses in Cylindrical 
Reactor Fuel Elements—K. R 
Merckx, General Electric 


NICB Panels 


Th ursday, 9:30 a.m.—1 2:30 p.m, 


How to Develop Better Products 
Through Radioisotopes. 
the applications which are saving in- 
dustry $100 million annually. Panel 
Paul C. Abersold, AEC; D. C. Brunton, 
Isotope Products Ltd.; A. Somerville, 
GM; C. W. Wallhausen, U.S. Radium. 

Latest Prospects for Economic Nu- 
clear Power—Part |. 


Discussion of 


Projections 


| through 1980 by the Dept. of Interior 
| on hydroelectric and conventional fuel 


reserves and costs; by the AEC on nu- 
Stanford 


Research Institute on power markets 


clear systems and costs; by 
and costs; by boiler engineers on im- 
provements in conventional systems. 

Reactor Hazards, Public Safety, 
Problems will be dis- 
cussed by panel which includes Edward 
I. Farley of Marsh and McLennan, Ine. 
and Kenneth Downes of BNL. 

Atomic Age Metals Create New 
Markets. Metals, markets, 
will be covered by William Greenleaf, 
Brush Berryllium; H. E. 
Lindsay Chemical; Bernard Kopelman, 


and uses 


Kremers, 


| Sylvania-Corning Nuclear 


Thursday, 2:30 

New Products Through Radiation 
Chemistry. Applications and indus- 
trial significance will be evaluated by 
L. C. Widdoes, Internuclear; Samuel 
Gehman, Goodyear; J. V. Nehemias, 


5:30 p.m, 


| University of Michigan. 


Latest Prospects for Economic Nu- 
Evaluation of 
Panel 


| of AEC Reactor Development Div. 


ANTON... 


where precision 
COUNTS 
ANTON’S 


BF; COUNTER TUBES... 


(enriched, normal or depleted in 
B”) for detection of either slow 
or fast neutrons are widely-used 
in reactor control and monitor- 
ing, oil well logging and neutron 
survey. Available in a wide range 
of diameters, sensitive lengths 
and wall thicknesses in 2S alumi- 
num or stainless steel 


ANTON 
END MICA WINDOW... 
alpha, beta, gamma counters are 
halogen quenched, stainless steel. 
Also available with special 
organic as well as other rare gas 
fills. Window thicknesses avail- 
able from 1 mg/cm*. Tubes vary 
from subminiature to standard 
conventional sizes and are based 
with standard RMA connectors. 
JAN types available. 


ANTON 
THIN WALL... 
stainless steel, halogen quenched 
counter tubes for beta, gamma 
studies are extremely sensitive 
and can meet all JAN-MIL 
specifications. They are the only 
~ commercial metal thin wall tubes 
available with a stainless steel 
30 mg/cm? wall which will not 
dent or collapse. Instruments 
using groups of these tubes ex- 
ceed in sensitivity and stability 
most scintillation units. 


ANTON’S PANCAKE TUBES... 


are halogen quenched, sensitive beta-gamma 
detectors with end mica window. These units 
are designed for low intensity measurement 
and are widely used in facilities doing low- 
count work. Flat pancake design offers ad- 
vantage of large diameter window without 
large volume and high background count. 
(Sample changers available.) 


Anton high efficiency tubes are Plat- 
inized*. This process provides sensi- 
tivity beyond that of standard tubes. 
Write Dept. NT for complete catalog of 
Anton nuclear tubes and instruments 
* Reg. pending 


ANTON ELECTRONIC LABORATORIES, INC 








Ist cnoice | 
for reliable, reprodu- 
cible laboratory 
counting 


4 


The SG-2A is the only scaler incorporating a Chase- 
Higinbotham non-blocking amplifier with a fast, 
accurate counting circuit and stable high voltage 
supply. It gives unexcelled counting reproduci- 
bility with both scintillation and gas proportional 


counters. 
FEATURES: 


High Sensitivity: non-overloading amplifier; 1, 
10, or 100 millivolts. 

Dual Range Power Supply: 300 — 1000; 
300 — 2500 volts (5000 volts optional) 

Decade Scaier of 1000: with four-digit in- 
stantaneous reset register 

Pre-Set or Elapsed Time: to 60 minutes: 
accurate to 0.2 seconds. 

All-Electronic Pre-Set Count: 1(0 through 
10,000 counts (optional) 

High Speed: etch-wired decade units have 2.5 
microsecond resolution 


SG-2A 
Decade Scaier 1000 


write for bulletin 207 


Te 


TECHNICAL MEASUREMENT CORPORATION 


140 State Street, New Haven, Connecticut 


How Can Market Potentials ;, 
Atomic Energy Be Realized? p,,, 
includes Joseph Silverman of R:diatip, 
Applications, and Frederick H 
of Pickard and Warren. 

Atomic Energy Legislation. 
of 1954 Atomie Energy Act ex 
and suggested changes. Pa: 
clude David F. Cavers, Hary 
School, and John Palfrey, C 


Friday, 9:30 a.m.—12:00 » 


Commercial Power Reactors—No. 
ural vs. Enriched Fuels. Am 
ticipants will be W. B. Lewis, AFy 
and John R. Menke, NDA. 

Chemical Processing and Waste 
Disposal. Discussion of presi 
lems and techniques to solve th: 

Long-Range Outlook for Nucleo 
Industries. Panel will evaluate futuy 
markets for instruments, equipment 
materials, chemical processing 

Safety and Health Programs. 
Irving Tabershaw of NDA and J 
G. Terrill of U. 8. Public Health Se: 
ice, will be among the panelists 
cussing the most recent data « 
tion with respect to industry 


Friday, 2:30—6:00 p.m 


Atomic Energy Developments 


| Abroad. Speakers will discuss | 





Appointments to the Scientific Staff for 


Chemists and 
Chemical Engineers 


are available to men possessing graduate degrees 
for research and development of nuclear re- 
actor prototypes, especially in the area of liquid 
metal and fused salt systems related to the 


Liquid Metal Fuel Reactor 





For information please write to: 
Office of 
Scientific Personnel 


A Center for 


Brookhaven | acl Revarch 
National 
Laboratory 


Upton, L.1., N. Y., YAphank 4-6262 











| The Design and Construction of the £ 


ent and future roles of existing 
grams with reference to their pr 


| tive potential. One of the pri: 
| will be Louis DeHeem, Administ 
| of Centre d’Etudes pour |’! 
| Nucleaire, Belgium. 


Hot Lab Papers 


Thursday, 9:30—11:45 a.r 


Design and Operation 
En. 


larged Westinghouse Hot Laboro 
tory—A. L. Maharan, Westinghous 


| A New Hot Metallurgical Laboratory ot 


Los Alamos—J. R. Lilien 
Alamos 

Hot Laboratory Facilities at Westing 
house Testing Reactor—RK. J. | 
Westinghouse 

A Laboratory for Reactor Developmen! 
and Applied Radiation Studies 
C. J. Roberts, Curtiss Wright 

Hot Laboratory Facilities at the Genero 
Electric Valleitos Atomic labore 
tory—J. Frame, Genera! ! 

Decontaminable Surfaces and Pro 
cedures for Hot Cells—( Wat 
son, ORNL 

Management and Operation of 
vately Owned Hot Cell Facility— 
G. D. Calkin and J. E hitney 
Battelle 
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ursday, 2:30—4:45 p.m, 


perations and Administration 


y of Remote Manipulation 
oment—R. C. Goertz, ANL 
remote Manipulation Maintenance— 
S Smith, General Electric 
>t Laboratory Procedures at Argonne 
Notional Labs—W. B. Doe, ANL 
+ Leboratory Functions in Nuclear 
Power Plant Operations—S. L. 
beck, Westinghouse 
st Lob Organization at Savannah 
River—W. J. Laird, Jr., du Pont 
» Cell Operation at the ORNL Solid 
State Division—E. 8S. Schwartz, 
ORNI 
Operational Problems in the Hot Lab 
Sofety—H. W. Reynolds, H. K. 
Hunter, J. T. Conboy and W. H. 


in, General Electric 


11:45 a.m, 


hemical Equipment 

Remote Chemical Operations of Ano- 
ytical Chemistry Division—M. T. 
Ke and staff, ORNL 

Of-Gos Treatment in Berkeley En- 


“LINDE” M.S.C. rare gases are the purest obtainable 


Trade- Mark 


e Helium °¢ Argon 
° Neon ¢ Krypton 


LINDE rare gases are produced under continuous mass spectrometer 
| control to assure you of gases of known purity and consistently high quality. 
| They are stocked at convenient locations throughout the country in glass 
| bulbs and steel cylinders. LinpE, the world’s largest producer of gases from 
| the atmosphere, offers the services of its technicians and engineers to all 
| of its customers on their rare gas problems. 
| Write for the booklet, ““LinpE Rare Gases” which contains information 


_ on the physical, chemical, and electrical properties of these gases. 


closures—M. D. Thaxter, C. Burk | 


nd H. P. Cantelow, University of 
Iornia 
e Bettis Fission Gas Apparatus 
C. Kuch, J. E. Eck and F. 8. 
Susko, Westinghouse 
liquid Sample Handling Station— 
r. L. Trent, ORNL 
Small Steel Shielded Isolation Box 
for Chemical Experiments—R. P. 
Schuman and M. E. Jones, General 
Electric 
High Level Solvent Extraction Facility— 
K. H. Hammill and W. H. Adams, 
General Electric 
A Facility for High Level Plutonium 
Solvent Extraction Studies—R. 8. 
Miller and D. J. Smith, General 
Léectric 
Equipment for Mechanical Dejacketing 
and Leaching of Spent Reactor 


Fuels in a Low Capacity Reprocess- | 
ng Plant—R. 8S. Miller and D. J. | 


Smith, General Electric 


Cobalt-60 Storage Garden and Irradi- | 


ation Facility—B. F. Early, ORNL 
Design and Use of a 19,000 Curie Co- 


balt-60 Source for Materials Test- | 


ng—Marvin C. Atkins, WADC 


echanical Equipment 
Designing a Dry Gamma Radiation 
Facility—A. Deutsch, Budd 
echnique for Making Visual Examino- 
tions and Dimensional Measure- 
ments at Hanford's Radiometal- 
lurgy Laboratory—D. L. Zimmer- 
General Electric 
emotely Controlled Lathe—C. C. 
Leader, Jr., General Electric 
onford’s Improved Remote Metallo- 
graphic Equipment and Procedures 
James R. Morgan and R. E. Field, 
General Electric 
he Techniques of Tensile Testing Irradi- 
ated Materials at Elevated Tem- 
peratures—W. S. ‘<elley, D. C. 
Kaulitz and R. E. eschen, Gen- 
Electric More » 
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Linde Air Products Company 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [[qg§ New York 17,N.Y 


The term “Linde” is a registered trade-mark of Union Carbide and Carbon Corporation. 





New Precision Pulse Generator, with 


005% STABILITY 


FOR CALIBRATING 
AND TESTING 


@ Linear Amplifiers 
@ Pulse Height Analyzers 
@ Coincidence Analyzers 


@ Radiation Spectrometers 


$2382 


OUTPUT CHARACTERISTICS: Os 


Amplitude + luv to 10v with less than .005%/hr. drift. 
Rise Time .007 microsecond. Noise less than .0O5%. 
Output Impedance 100 ohms. 


The Model 370 generates fast-rise, exponential-decay pulses continuously variable 
in amplitude by a ten-turn, + 0.1% linearity Helipot and a step attenuator. Developed 
by Ed Fairstein, the “Pulser” is built to ORNL Specifications. 


F)) FRANKLIN ELECTRONICS iwc. 

















Typical station arrangements 


Remote control for valves 


In recent years, increasing numbers of manual remote con- 
trols have been installed in industrial power plants and on 
nuclear reactors. These systems are popular because they elim- 
inate a great deal of hazardous climbing and permit relatively 
inexpensive control of a number of widely scattered valves. 


Stow Manufacturing Co. makes a complete line of these 
controls, including: flexible shafting, universal joints and 
geared joints. These controls also include standard remote 
stations, intermediate connections and valve couplings for 
both flexible shafting and reach rods. 

Typical installations of this equipment are shown above. 
Sketch “A” shows a flexible shaft that can be used up to 100 
ft. in length and is available in sizes up to 15%” diameter. 
Sketch ‘'B"' is an installation using geared joints that operate 
in any angle through 340°. 

For complete design data on all sizes of standard flexible 
shafts, geared joints and terminals, write for Design Manual 
553. 


STOW MANUFACTURING CO. 
355 Shear Street, Binghamton, N. Y. 





High Temperature Tensile Tes ng Fai, 
ity at the Radioactive Materigk 
Laboratory—D. J. Rugviero 4), 
R. F. Stearns, General Ele: tric 

Remote Operating Tukon Hardnes 
Tester at Knolls Atomic Pows, 
Laboratory—D. J. Ruggiero aj 
R. F. Stearns, General Electric 

Remotely Operable Bend Test Appo. 
ratus—W. D. Valovage, Gener 
Electric 

Remote Welding of Stainless Steg) 

Containers—E. E. Pierce, ORN], 

| Booting Assembly for the Model 3 
Master-Slave Manipulator—R | 
Wehrle, ANL 

Reactor Removal Shield and Carriage 
8. O. Lewis, ORNL 





Friday, 2:30—4:465 p.1 


Installations 


Low Cost Manipulation of Millicuris 
Level Radioactive Materials—\ 
B. Reynolds, General Electric 

Shielding Calculations for Fission Prog. 
uct Gamma Sources—W. G. Ruehie 
General Electric 

The Design of SRE Fuel Evaluation Ho 
Cells and Equipment—J. M. Davy 
Atomics International 

A Multicurie Facility for High Level 
Chemical Process Research—R. ) 
Fletcher and C. M. Slansky, Phillip 
Petroleum 

Semi-Portable Steel Hot Cell—C. (, 
Thomas, Jr. and C, C. Webster, 
Westinghouse 

Caves for High Level Gamma-Emitting 
Plutonium—R. L. Goertz, ANL 

Remote Handling Facilities at Chol 
River, Ontario—A. S. Bain, Atomig 
Energy of Canada, Ltd. 

Remote Handling Considerations fo 
Large Radioactive Cells—R. | 
Drexler, General Electric 


Specialized Operations 


Techniques of Contamination Conta 
ment in Cave Operations—6. | 
Deily, du Pont 

SRL Decontamination Facility—J. W 
Moffitt, du Pont 

| Radiation Safety Monitoring of th 

Argonne National Laboratory's Ho 
Labs—P. Tedeschi, ANL 

Circulating In-Reactor Loops—D. 7 
Jones, G. E. Jenks and H 
Savage, ORNL 

The Removal from the Brookhaven 
actor and the Sectioning of th 
In-Pile Unit of a Liquid Metal Fue 
Reactor Loop—C. J. Raseman, J. 1 
Klein and R. W. Stong, BNL 

Experimental Facility for Multiple | 
Pile Corrosion Tests—T. L. Tre 
and A. F. Zulliger, ORNL. 

| Hot Laboratory for Producing Syntheti 

Radioactive Fallout—William 5 
Lance, Navy 

A Method for irradiating Mcteric!s ¢ 
High Temperatures in Co®’ Source 
—Robert C. Weed and W. L. Kos! 
BNL 

Semi-Remote Thermocouple Attachment 
Operation and Resultan! Hot Ce 
Decontamination—F. FE. Hancoe 
and 8. V. Castner, Conva 
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Atomic Exposition Exhibitors 


sting contains all exhibit de- 

as Nucigonics 

press. Italicized numbers are 
Hall booths.) 


ava ilable 


Acoustica Associates Inc., Glen- 
wood Landing, N. Y. Low cost ultra- 
d level sensor for accurately 
maximum and minimum 

liquids (428) 
Aerojet-General Nucleonics, San 
Calif. Operating critical re- 
th normal output of 100 mili- 
use in producing isotopes. 
6144 lbs of enriched uranium 
lispersed in solid polyethylene. 
(270) 


Allis-Chalmers Mfg. Co., Mil- 
woukee 1, Wis. Hermetically sealed 

otor unit, a reverse flow Ein- 
pump for liquid metals, 
pump utilizing 
and a mag- 
(421) 


Romon 


n-Szilard 
Electri-Cand”’ 
ed motor principle, 
near pump assembly. 


3 That { 


AMF Atomics Inc., 261 Madison 
Ave, N. ¥. 16, N. Y. Models of the 
l-cyele boiling-water reactor being 
the Elk River, Minnesota 

Power Cooperative Association 
research reactor. 
vorking unit of the AMF unitized 
and an Argonne 
8 manipulator with a new 
will be demonstrated. 
hows the Battelle reactor built 
(117, 119, 121) 


2 pool-type 
mechanism 


boot 


Atomics International, Canoga Park, 
aif. Seale models of three AI reac- 
s: the sodium-graphite power reac- 
‘ Rearing completion in the Santa 
‘aa mountains; the organic moder- 
power reactor for use in South 
erica ; the solution type research re- 
being built for Japan. (104, 2065) 
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Babcock & Wilcox, 16] E. 42 St., 
N. Y., N. Y. Full-scale components 
of fuel elements the company has sup- 
plied for the Materials Testing Reactor 
at Arco, Idaho. Included will be a 
replica of a fully assembled fuel ele- 
ment and an animated model of a 
nuclear power plant. (128, 132) 


Baird-Atomic Inc., 33 University 
Rd., Cambridge 38, Mass. Single- 
channel differential scintillation spec- 
trometer, radioactivity scaler, single- 
scale logarithmic survey meter, non- 
overloading linear amplifier. (424) 


J. Bishop and Co., Malvern, Pa. 
New developments in glass-to-metal 
sealing alloys; composite wire and 
tubing; clad metals; stainless steel, 
nickel, and nickel alloy tubing. (333) 


Pittsburgh, Pa. 
design, 


Blaw-Knox Co., 
Display of work in 
process and handling systems. 


Weehowken, N. J. | 
hoods and other | 
radioactive | 
($29) | 


reactor 





S. Blickman Inc., 
Vacuum dry boxes, 
equipment for handling 
materials. 


Brush Beryllium Co., 4301 Perkins | 
Ave., Cleveland 3, Ohio. Illustration | 
of process for extracting nuclear grade | 
beryllium from its ore and subsequent | 
fabrication into moderators, reflectors, | 
and other shapes. (309) | 

Byron Jackson Div., Borg-Warner | 
Corp., Los Angeles, Calif. Illustra- | 
tion of world’s largest liquid sodium 
pump. Demonstrations of a canned | 
motor pump and mechanical seal. | 

(408) | 


Chempump Corp., Mermaid Lane, 
Philadelphia, Pa. (317) 


Cleveland Hard Facing Inc., 3047 | 
Stillson Ave., Cleveland 5,Ohio. Nu-| 
clear reactor stainless steel bearing | 
races hard-faced with \¢ in. of high | 
cobalt chrome tungsten alloy. (443) | 


Central Research Laboratories, Inc., 
Red Wing, Minn. Complete oper- 
ating pairs of three models of master- | 
slave manipulators will be demon-| 
strated. (136) | 


Conference Book Service, Arlington 
4, Va. Comprehensive exhibit of| 
books on atomic industry. (261) | 


Consultants Bureau Inc., N. Y., N. Y. | 
Literature including Russian-English 
Physics Dictionary and translations in 
the Soviet Journal of Atomic Energy. 

(313) 


| #102 — Atomic Education 


| +103 — Nuclear Labora- 


INC AL 


iV ZOR amen’, £58) — 
Film Badge 
| Service. 


J fj 


Gamma 
X-rays 


Available in clip-on 
wrist, or ring style 

4 for isotope and X-ray 
laboratories, medica! and 

# dental offices, and 

m industrial plants. Write 
or ‘phone for Bulletin 
N20, containing complete 
information and prices 


@ Low Cost 

@ Prompt, Reliable Reports 

@ Provides Permanent Records 

@ Covers Wide Range of Energies 
and Exposures 

@ 5 Filters for Highest Accuracy 


4 Nucleonic 
Equipment 
for 
Every 
Field 


#101 — Uranium and Oil 
Exploration Equipment 


Equipment 


tory Equipment 
#104 — Medical Radioiso- 
tope Equipment 
+105 — Geiger, Propor- 
tional, and Scintillation 
Detectors 


Send now for above 
new catalogs 


Dept. N27 


NUCLEONIC 


Corporation of America 
196 Degraw Street 
Brooklyn 31, N. Y. 

MAin 4-7370 





Cooper Metallurgical Ass 
| Cleveland 20, Ohio. Uraniu: 
| thorium boride, 99.5% boro: 

6 j | mesh AlBy2, copper-boron all 

Ele ck VO 1 ZC MA GIC / trolytic chromium, electrolyt 
; electrolytic low-carbon ferro 

Also ilmenite up-grading and 


depends on ore up-grading. 
wi ETALLURGY Crane Co., 836 S. Michigan 


Chicago 5, Ill. Valves, fittir 
piping for radioactive and ot 
ices associated with nuclea: 
piping installations. 





The deep-drawn 
one-piece molybdenum 
anode replaces 

the conventional 


welded anode 


Crossroads Marine Disposa! Corp 
Boston, Mass. Sea disposal of ra 
active wastes will be demonstrat 
using dumping drums and a large ta: 





Courtesy Machlett Laboratories, inc. 


And as the science of metallurgy advances so does the electronic tube. 
Take this X-ray valve tube, for example. Moly for a long time was 
known as the ideal anode material, but it had to be formed and 
welded as a two-piece construction. 
Now because the Fansteel metallurgist puts more ductility and more 
uniformity into the metal the anode is deep drawn with these benefits: 
Fewer tube rejects 
Easier assembly 
Quicker and more thorough outgassing 
180° flared edge 
Wall and end thickness uniform Cuno Engineering Corp., Meriden, 
No grooves Conn. Line of filters including felte:- 
No welds wool micronic disposable units | 
labs, edge-type metal filters 
tinuous or backflush cleaning 
wound filters for high-capa 
tinuous cleaning, porous stain|ess-st# 
: he filters for extreme temperatures 
The case history repeated here is typical of the news ie ae: a pressures, magnetic hydrau 
found in Fanstee! Metallurgy, a free journal of in- : | to protect control mechan 


formation. Ask to be put on our mailing list—oll porous glass filters for high 
we need is your name and business address. | ture and corrosive applicatio 





Metallurgical progress in refractory metals is an established habit at 
Fansteel. Try us for difficult problems in molybdenum, tungsten, tan- 
talum and high density metals. 


Davison Chemical Co., Div. of W.% 
| Grace and Co., Baltimore 3, M° 


FANSTEEL wersuwecicat coreorri rrr 


| sand into thorium and rare « 





NORTH 
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Specialists 
wanted for 


Nuclear 
Powerplants 


Senior Engineer Research or 
Engineering: Nuclear physicist, 
Phd. (or equivalent experience ) 
for basic studies in the applica- 
tion of nuclear power to air 
vehicles 


Senior Engineer Research: Nu- 
clear Engineer, M.S. degree or 
equivalent, with a background 
in unconventional powerplant 
design 


Research Engineer: B.S. degree 
in nuclear engineering. College 
work in general powerplant 
desigt 


Engineering Specialist or Senior 
Engineer Research: M.S. or 
equivalent, with a strong back- 
ground in hydrodynamics and 
fluid mechanics to study basic re- 
lationships of propulsion equip- 
ment for air vehicles. 


Senior Engineer Research or 
Engineering Specialist: PhD. 
desired with a background in 
nuclear energy, servo mecha- 
nism, controls or instrumenta- 
tion. Should have preferably 4 
years’ additional experience. 


. Senior Engineer Research: PhD. 
or M.S. degree with a _back- 
ground in heat transfer relating 
to gas or liquid cooled nuclear 
power plants, preferably of air- 
craft type. 


Senior Structural Engineer or 
Stress Analyst: Several years’ 
experience in mechanical stress 
and structural analysis. M.S. or 
B.S. degree or equivalent. 


Write: Mr. A. W. Jamieson, Rocketdyne 
Engineering Personnel Dept. 2C, 
6633 Canoga Avenue, Canoga Park, 
California 


ROCKETDYNE 


A Division of North American Aviation, Inc. 


BUILDERS OF POWER FOR OUTER SPACE 
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: Sn Slee al 
BS. nth 


~ PUREST ! 
WATER 


(HOH ABSOLUTE) 


10,000,000* OHM Water, 


Free of teria, and 
Electrodata Div., Burroughs Corp.., | caer be nel Par- 


Pasadena, Calif. Desk-size digital | ticles, Organics and Silica 
computer designed to solve problems | 
too complex for slide rules or calcula- 
tors. Details of company’s electronic 
filing system and high-speed digital | 
computer. (221) 


Daystrom Nuclear, Elizabeth, N. J. | f 
|Nuclear instrumentation and control || 
equipment plus scale models of its |) 
DART, swimming pool, and medical |} 
research reactors. (404) 


| Edlow Lead Co., Columbus 16, Ohio. 
| Lead bricks and shipping casks. (108) 


An entirely new standard of water 
purification by Barnstead now makes 
new advances possible in Chemical, 
Electronic, and Nuclear felds. 


Electronics Magazine, 330 W. 42nd 
St., N. Y. 36, N. Y. Display features 
new semi-monthly management edi- 
| tions and buyers’ guide. (124) 


Encyclopaedia Britannica, Inc., 
Philadelphia 2, Pa. New 1957 edi- 
tion of the Encyclopaedia. (326) 





Fairchild Camera and Instrument | 
Corp., Robbins Lane, Syosset, N. Y. | 
Reactor control systems and equip-| 
‘ment including first showing of PWR | > 
valve position indicator, consisting of 


MIXED-BED 
DEMINERALIZER : MF 


BARNSTEAD 
FILTER 


receiver and E-core detector. (306) 


The purification of water often 
requires special engineering and a 
broad consideration of accessory 
equipment. The above combina- 
tion of Water Demineralizers, 
Water Still, and Barnstead MF 
Filter, operated in series, will 
produce 10,000,000 OHMS water 
in production quantities. Barnstead 
has the answer to your water 
purification problem. Write today! 


_— 





BOSTON NEW YORK 

JAmaica Kingsbridge 

4-3100 8-1557 
PHILADELPHIA 


LOcust 
8-1796 


LOS ANGELES 
RY 


CHICAGO 
Financial 
6-0588 


CLEVELAND 
ACademy 
6-2266 


SAN FRANCISCO 
mplebar 
2-539) 


<n 





Fenn Mfg. Co., Newington, Conn. 
Laboratory rolling mill (above), swag- 
ing machines, and turks heads which 
are all adaptable to remote control and 
hooded operation. (236) 


Write for new catalog G or 
Water Stills. Catalog #127 of 
Demineralizers, and Bulletin #14! 
on Barnstead MF Filters 











Foster Wheeler Corp., 165 Broad- 
way, N. Y. 6, N. Y. Nuclear com- 
ponents including a control-rod actu- 
ator. Photos and of al} 
10,000-kw aqueous homogeneous re-|)7 
actor, research reactors, and a sepa- 


STULL & DEWIVERALIZER CO. 


drawings 
34 Lanesville Terrace, 
Boston 31, Mass. 





oo 





rately-fired superheater. (116) \t 











WASTE DISPOSAL 


RADIOACTIVE © Flammable Materials 
© Explosives ® Contaminated Equipment 
® Pyrophoric Materials ® Toxic Materials 
® Poisonous Gases ® Acids and Caustics 


COMPLETE SEA DISPOSAL 
Serving the U.S. Since 1946 


CROSSROADS maintains a personal pick-up service in New Eng- 
land, New York, New Jersey, Ohio and Penna. for safely 
removing dangerous waste material. 

Waste can be shipped conveniently from any outlying area 
with complete instructions and proper-type containers designated 
by CROSSROADS. 


Authorized by All Necessary Federal, 
State and Local Authorities 


Philadelphia Atomic Exposition Booth +427 


Ceesrceds 


Call, write or MARINE DISPOSAL CORPORATION 


wire for 
complete 26 T WHARF, BOSTON, MASS. 


information LAfayette 3-4908 























BRITAIN INSTRUMENTS NEW 
SWISS 
REACTOR P.34 


Isotope Developments 
Limited have been 
appointed consultants 

to Landis & Gyr A.G. on 
the first materials 
testing reactor to be 
built in Switzerland by 
REAKTOR A.G. 

1.D.L. will supply all 


- itil ci toigmeino ——— eee eee oma =e 


nucleonic equipment. 





ISOTOPE DEVELOPMENTS LTD. 





Laboratories and Works : BEENHAM GRANGE, 
ALDERMASTON WHARF, Nr. READING, 
BERKS, ENGLAND. 


London Office: 120 MOORGATE, LONDON, E.C.2, ENGLAND. 


eoeeeanie 
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Finnell System Inc., Elkhart, Ind, 
Gasoline, propane, or electric powered 
scrubber-vacuum floor cleaning ms. 
| chines. (129 


General Electric Co., Schenectady, 
N. Y. (300, 301, 40 





| General Mills Mechanical Diy, 
| Minneapolis 13, Minn. Latest mode 
| of a remote controlled manipulator and 
| new fuel rod drive control. j 


| General Motors Corp., Saginaw 
| Mich. $45 
| Glenn L. Martin Co., Baltimore 3 
Md. Model of export reactor sold t 
Dominican Republic and tubular fue 
| elements. Illustration of 5,500-cure 
| Cobalt-60 gamma facility and samples 
| that have been exposed to various rates 
jen intensities. 96 


| Griscom-Russell Co., Massillon 
| Ohio. Model (above) of a liquid met 
heated steam generator particulal 
| applicable to sodium or sodium-pot 

| sium cooled reactors. Generator 
tures double tube construction and 
|@ gas-monitored leakage 
system. 

Hamner Electronics Co., Princeton, 
N. J. New amplifier and pulse heigit 
discriminator; mercury swit< t 
jscaler, and integral disc! 
photomultiplier preamplifier; hizh\ 
age supply; precision single-«hanne! 
| analyzer. 341 
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Voltage Engineering Corp., 
acton, Mass. Scale model of its 
volt Van de Graaff and 

of its microwave linear 


(420) 


ternational Nickel Co., N. Y. 


Mass. Lead samples of shielding 
such as bricks, containers, vaults, 
windows, valves, and pumps, 

s stainless steel hoods and equip- 
Test reactor built by Kelley 
Idaho, installation is 


(324) 


0. G. Kelley and Co., Boston 22, 


Walter Kidde Nuclear Labora- 
tories, Garden City,N. Y. Model and 
nonstration of a phosphor-photocell 
nuclear battery. (208) 


Kollmorgen Optical Corp., North- 
ampton, Mass. (111) 


leeds and Northrup Co., Phila- 
delphia 30, Pa. Demonstration of a 
kage control system on an oper- 
ting schematic model of a boiling- 
ter nuclear power plant. (370, 470) 


linde Air Products Co., 30 E. 42nd 
St, N.Y. 17,N.¥. Outline of applica- 
ns of neon, krypton, argon, helium, 

i xenon in nuclear materials process- 
reactor operations, and instru- 
ntation. (336-344) 


Lindsay Chemical Co, West Chicago, 
Nuclear grade thorium and neu- 
‘ronabsorbing rare earths. Also many 
roducts incorporating thorium 

id the rare earths. (109) 
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OXIDES METALS SALTS 


MICHIGAN CHEMICAL CORPORATION NOW 
PRODUCES RARE EARTHS in large quantities to 
exacting purity specifications. New research and plant 
facilities staffed by scientific and technical groups, com- 
bined with the company’s fine chemicals and pharma- 
ceutical units, have made possible this progress in rare 
earth chemistry and metallurgy. 

Research facilities and personnel are available to help 
science and industry in the developm-nt of Rare Earth 
oxides, salts and metals applications. 

Write for information on availability of MC Rare 
Earth products and for technical data sheets on their 
characteristics. 


©  RE-56-4 
* Trademark 


MICHIGAN CHEMICAL CORPORATION 


555 North Bonkson Street, Saint Louis, Michigan 


GADOULINIUM — EUROPIUM — SAMARIUM — YTTRIUM 


WUTETIUM — YTTERBIUM — THULIUM — ERBIUM — HOLMIUM — DYSPROSIUM — TERBIUM = 
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Lukens Steel Co., Coatesy// 
Section of 85¢ in. thick sta 
steel plate used in the Shippi 
clear power station. 


Mallinckrodt Chemical W 
Lovis 7, Mo. Various 
uranium dioxide produced 
nium hexafluoride withdra 
gaseous diffusion cascade 
type oxide for use in fabri 
density fuel element pellet 
high fired oxide for use in f{ 
ceramet matrix type fue! 
other uranium compounds. 


Marchant Calculators, In 
land 8, Calif. Calculator 
pletely automatic decimals. 


Massachusetts Dept. of Commerce 
334 Boylston St., Boston 16, Mass 
Panel of photos of industri 
research labs, and colleges. 


Metals and Controls Corp., Attle. 
boro, Mass. 105 


Microcard Foundation, Madison 
5, Wis. New pocket-size M 
reader and other equipment 


A portable, lightweight, Minneapolis Honeywell Regulator 


: Co., Wayne and Windrim Aves., Philo- 


reactor simulator with auto: 


which measures the intensity of, and distinguishes between [ii hih 1s: 
ALPHA, BETA, and GAMMA RADIATION! wr gran ngs prt 


and recorders are used. 
plete operating data system 





2 MODELS. SRJ-3 (Standard Range) and HRJ-3 (High Range). 


3 RANGES IN EACH MODEL. SRJ-3: 50, 500, and 5000 
MR HR. HRJ-3: 250, 2500, and 25000 MR/HR 


EASY TO DECONTAMINATE. Specially designed case has 
minimum number of joints and pockets. Highly 
polished cast aluminum handle for low porosity. 


EFFICIENT OPERATION. Compact battery pack requires r | aa > ; Eng ] 
ALPHA SCREEN hy dustr 
ALPHA : 


few batteries and provides extremely reliable operation /6 a | : 
BETA oi 
Visit us op BOOTH NO. 442 t's ats, ESE! > Nu 


International Atomic Exposition ; %, h 
PHILADELPHIA + MARCH 11-15 ; 5 lights 
also 


JUNO’S ROLE IN NUCLEAR RESEARCH 
This instrument was developed for the Hanford the e 
Works and is widely used wherever a high de- 
gree of accuracy is desired. Several are aboard ; , 4 : a 
the U.S.S. Nautilus, and many others are busy \ : it National Research Corp On 
in medical, military, mining, industrial, reactor, . - , : - 4 : 
and research applications : ie bridge, Mass. New §&-lb 
tion cold mold-skull furna nium 


for consumable and non 


bany, 


are melting in vacuum or in¢ 


Write tor complete ea se ‘ =e | phere. There will also be a 


“Instrumentation f 4 consumable electrode cold 








furnace which is adaptable t 


TECHNICAL ASS a A “a = | sumable melting. Displa: 


: ag t nium sponge and mill pr 
140 WEST PROVIDENCIA AVE. ° BURERE ore i Rae Se element sections. 
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30 E. 42nd 
High-purity 
molds, and 

(336-344) 


National Carbon Co., 
we 


for reactors, 


National Electric Instrument Co., 
Elmhurst, N. Y. Illuminated telescopic 
struments for internal inspection of 
ble areas. (260) 
Norton Co., Worcester 6, Mass. 

fuel element components of 
oxide, thorium oxide, and 
positions in the form of pellets, 
heat barriers and 
tory supports; carbide 
ontrol rods or shielding; refrac- | 
, materials such as MgO, UOz, 
0, ThOs, ZrO», CaO; thermocouple | 
ceramic coatings. 
(120) 





nd tubes; 
boron 


tors 
i Is, 


spray 





Nuclear Development Corporation 
of America, 5 New St., White Plains, 
N. ¥. Cutaway panel of a sodium- 
cooled, deuterium-moderated reactor 
proposed for operation in Anchor- 
age, Alaska, in 1962. Illustrations of 
NDA’s facilities in the nuclear in- 
dustry . (412) 


| contact on moving 


——— 
Mitge: eee errr errr 


Longer Thermocouple Life 
In Atomic Reactors 


With T-E Coname® Wire Thermocouples 


hea a es eh SS LTS SE LY 


NEW METER-RELAYS 


FROM 0-5 MICROAMPERES-UP 


——-s: Sealed, Black Bakelite or 
Clear Plastic Cases 
D’ Arsonval 
meters 
with locking con- 
tacts for sensitive 
and accurate 
control oralarm. 


TRIP POINT AD- 
JUSTABLE to any 
point of scale arc. 
Sensitive to changes 
@s little as 1%. One 





Model 461-C, 10-0-10 


pointer. The other on Ue DC $83.25 


| adjustable pointer, When pointers meet, contacts 


| close and lock. Holding coil wound on moving coil. 


Nucieconics, 330 W. 42nd St., N. Y. 
%, N. Y. Booth will feature high- 
lights of Nucieonics first 10 years and 
ilso provide an opportunity to meet 
the editors and business staff. (124) 

Oregon Metallurgical Corp., Al- | 
sany, Oregon. Zirconium and tita- | 

im castings for nuclear applications. 


(144) 


Penberthy Instrument Co., Seattle, | 
Wash. Shielded viewing window for 

e in a 6-ft-thick concrete wall. | 
high-density nonbrowning | 
ead glasses and high transmission lead 
ior Cerenkov counters. (256) 
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Also new 


glass 


| Assembly Products, 


| Locking is electro-magnetic. Manval or automatic 


reset. Spring action kicks contacts opart. 
Ranges: From 0-5 microamperes, 0-5 millivolts 


| or 0-300°F up. 
| Standard Contact Rating 5 to 25 milliamperes 
| DC. Can be up to 100 milliamperes DC. 

| Ruggedized-Sealed metal cases, 


2%", 32” or 
4%” round, shock-mounted movement, gasket- 


| sealed, 


42” rectangular, 
3%” or 42” rec- 


Black Bakelite case, 
Clear Plastic cases, 22”, 
tangular. 
Panel meters and indicating 
pyrometers also in rugged- 
ized-sealed, black bakelite 
or clear plastic cases. Write 
for new 40 page Catalog 
4A on meter-relays, meters, 
pyrometers and automatic 
controls, 
Inc., 
Ohio. HAmilton 3-4436 (West Coast: 


Model 255-C, 0-10 
V DC $42.50 
Chesterland 28, 
P.O. 


| Box xx, Palm Springs 28, Calif.) 


SSSSSSSSLRR ESSE ESS SESE SEES SEE ERE SEAS 


Designed for use under extremely severe conditions, enclosed hot-junction 
“Ceramo” thermocouples—with ceramic insulated, metal sheathed wire — will 
outlast comparable standard types many times. And response time is just as 
fast. Furthermore, both sheathing and insulation can be specially selected for 
resistance to atomic radiation. Conductors in all standard calibrations and 
various sheath materials are available for temperatures up to 3000° F. If 
desired, “Ceramo” thermocouples can be completely pre-tested. Conductors — 
36 to 12 gage. Overall diameters—1/25" to 7/16". 

Write for Bulletin 305- K 


Thermo Electric G.ic 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Ltd., Brampton, Ont. 














DON'T BUY A 
RATEMETER 


UNTIL YOU'VE SEEN 
THE ALL NEW 
““NU-TRONIC"’ Super Series 
WITH 
UNITIZED PLUG-IN SECTIONS. 


A COMPLETE SELECTION 
FOR ANY APPLICATION 





NEVER 
BECOMES OBSOLETE 











See us at 


BOOTH 311 


International 
Atomic Exposition 


NUCLEAR ELECTRONICS CORP. 


2632-36 W. CUMBERLAND ST. 
PHILADELPHIA 32, PENNA. 
SAGAMORE 2-2662 

















careers in peaceful 
applications of atomic energy 


ENGINEERS 


SPECIALIST IN 
STRESS ANALYSIS AND 
HEAT TRANSFER 
Education: B.S., M.S. or Ph.D. in Engineering 
Experience: At least 2 to 4 years applicable experience 
required. 


Duties: Stress and Heat Transfer analysis of nuclear 
reactors and reactor components. 


SPECIALIST IN 
SYSTEMS ANALYSIS 


Education: B.S., M.S. or Ph. D. in Electrical 
Engineering. 
Experience: 0 to 5 years experience in control and 
systems analysis. 
Duties: Perform and direct analysis of reactor and 
power plant control systems, reactor and power 
plant dynamics. 


Write : Answer will be prompt and confidential. 


ATOMICS 
INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIAT N NC. 
Mr. G. W. Newton, Personnel Office, Dept. 2-Ni, 


21600 Vanowen Street, Canoga Park, California 
(In the Suburban San Fernando Valley. Los Angeles) 


| Penfield Mfg. Co., Meriden, Con, 
| Demineralization and resin 

| ation system that supplys up to 40 x n 
| of water with a purity equi 
| 440 ppm at the points of use. 


Pergamon Press, Inc., N. \ 
Literature for the atomic fie] 
ing a new volume, Atomic A, 

| international research journals 


Pfaudler Co., Rochester, N. 
New 10-gal zirconium chemica 
section of glassed steel shielding: tits. 
nium and tantalum construct 
materials. 4g 


Potter Aeronautical Corp., Union 
N. J. Bearingless, turdine-type 4 
sensing elements. 


Radiation Counter Laboratories 
Skokie, Ill. First showing of recording 
spectrogammeometer with logarith: 
output. Also a 256-channel analyz 
(above) with magnetic memory capar- 
ity of 65,535 counts in each of the 25) 
effective channels. 15 


Sylvania Electric Products Inc.,N. ' 
19, N.Y. Various fuel elem« 


and components such as con't 
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y the step-by-step process of | 
, fuel element. ($21) | 
| 
Technical Associates, Burbank, 
-slif. Completely automatic person- 
' tors; lead shields; survey 
six decade scaler; scintillation 

new alpha survey meter. 


Tracerlab Inc., 130 High St., Boston 
10, Mass. Reactor monitoring equip- 
ment; low background counting in- 
struments; personnel protection de- 

es; pulse height analysis equipment. 
Included will be Tracerlab’s SC-57 low 
background counter (above) which can 
be used as either a spectrometry or a 
standard detector. (360) 


Union Carbide Nuclear Co., 30 E. 
4nd St., N. Y. 17, N. Y. Samples 
f uranium ores and concentrates; 
sale models of power and research 
reactors; new metal chemicals which 
ombinations of tungsten or vana- 

mand organic chemicals. 
(336-344) 


United States Steel Corp., Pitts- 
burgh, Pa. (353) 


D. Yan Nostrand Co., Princeton, 
Literature on nuclear energy 
(411) 


Vitro Corp. of America, N. Y. 
16, N.Y. Display of Vitro’s activi- 
tes in the nuclear field including 
msearch, development, engineering, 
mining, processing, and manufacturing. 

(320) 


Westinghouse Electric Corp., Pitts- 
burgh 30, Pa. PWR displays of Yan- 
e and Belgium facilities. Hermet- 
y sealed pump, model fuel element 
fomponents, radiation detectors, and 





nuclear reactor heaters. (101, 105) 
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For economical, efficient 


protection against Gamma Rays 


The low-cost metal, lead, is the most efficient protection against 
gamma rays because it is the densest of readily available metals 
and because it does not become contaminated from exposure to 


radioactive materials. 


Federated has designed many practical lead protective devices. 
Among them are interlocking lead brick and convenient containers 
for carrying or shipping radioactive isotopes. Federated is constantly 
working with nuclear scientists to develop means of incorporating 


lead into structures which must be impervious to gamma rays. 


If you are designing temporary or permanent structures to 
house or transport radioactive materials, Federated’s experienced 
lead metallurgists will be pleased to advise or devise as required. 


Simply call your nearest Federated office. 


B Saeed Mile S&S 


Division of 


AMERICAN SMELTING AND REFINING COMPANY 
120 Broadway + New York 5. N.Y. 
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Atomic Energy For Your Business 


By ARNOLD KRAMISH and EUGENE M. 
ZUCKERT (David McKay Company, Inc., New 
York, 1956, 269 pages, $3.95). 


Reviewed by Gorpon R. MoL_esworts, 
Molesworth Associates, New York. 


The two authors have blended their 
scientific and technical, governmental 
and consulting backgrounds to produce 
a volume of positive value, especially 
for the business and industrial execu- 
tive seeking to gain, quickly and easily, 
an initial understanding of the complex 
field of 
nuclear energy and its application. 

“This is a book primarily for busi- 
the authors. “Its 
purpose is to give them facts, the neces- 
sary facts as unadorned as possible, 
facts upon which they can make their 
own decisions.’”” The book does pre- 
large collection of pertinent 
facts about the atom and its develop- 
ment, but fortunately the authors also 


yet immensely promising 


nessmen,”’ write 


sent a 


have included many opinions, judg- 
ments and recommendations based on 
their combined experience, which will 
probably be fully as helpful as the 
facts te viewing the 
nuclear realm 


While the book’s initial premise— 


businessmen 


that every businessman should become 
familiar with the atomic energy field— 
is certainly the reasoning pre- 
sented in support of this premise might 
have been somewhat better organized 
Nev- 


ertheless, few businessmen readers will 


valid, 


and, therefore, more impressive. 


fail to be convinced. 

Much of the volume is devoted to a 
layman’s explanation of the basic 
scientific elements underlying today’s 
atomic energy industry, and without 
notable exception this educational task 
is performed expertly by the authors. 

The description of a nuclear reactor, 
its principal elements and their func- 
tions, is well tailored for its audience. 
The discussion of thermonuclear power 
is also an interesting introduction to 
this fascinating subject. 
into the applications of 
atomic energy, present and prospec- 
tive, the authors deal first with the 
use of fission for generation of electric 
power, from the worldwide need in 
prospect to the various reactor types 
now under consideration for this pur- 
Nuclear energy for the pro- 
pulsion of vehicles, for central heating 
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Moving 


pe ee. 


of buildings and for process heat in 
industry also are fully discussed. 

The myriad uses of radioisotopes in 
medicine, agriculture and industry— 
with emphasis on the latter field—are 
portrayed, accompanied by an esti- 
mation of their future contribution to 
scientific and industrial progress. 

In their discussion of massive radi- 
ation and its promises, the authors deal 
quite fully with the food sterilization 
field. However, they fail to make the 
distinction between complete steriliza- 
tion for indefinite preservation without 
refrigeration, and surface irradiation 
for temporary extension of shelf life, 
which technique avoids the problems 
of taste and odor changes and may 
come into use first. 

A chapter recounting the history of 
the U. S. atomic energy program and 
offering an interpretation of the Atomic 
Energy Commission’s ‘“personality”’ 
was rightfully included in the text. 
Zuckert, a former member of the AEC, 
certainly qualifies for the task of paint- 
ing this portrait, and the result will 
prove both interesting and enlighten- 
ing for most readers. 

The authors properly highlight im- 
portance of the substantial power held 
by the AEC in the field of information 
control, and they urge businessmen to 
be alert to the manner in which this 
power is exercised by the Commission. 
Pointing a critical finger at the concept 
that dictates that nuclear information 
be “‘born classified,’ and at the AEC’s 
policy that “prior publication” does 
not constitute declassification, they 
lead one to the conclusion that the 
AEC’s un- 
realistic and restrictive of progress—a 


“e 


classification policy is 
conclusion reached long ago by many 
in the atomic industry. 

After discussing the AEC’s access 
permit program—‘‘the Commission 
has few, if any, alternatives to the 
establishment of some such system”— 
Kramish and Zuckert conclude with: 
“The ultimate answer to the problem, 
of course, is declassification, not by 
document, but by areas of activity.” 
Amen. 

The foreign nuclear development 
picture is sketched in a straightforward 
manner, the authors expressing their 
opinion that the U. S. “atoms for 
peace’’ program proposed by President 
Eisenhower three years ago has been 
retarded and restricted, principally by 


those in his own administrat 
stimulant to progress abr 
propose that the AEC’s fi 
actor development progra 
tended to friendly foreign la: 
As guidance for their bu 
readers, the writers recor 
three-step plan for compa 
templating invasion of tl 
industry: (1) general educ 
organized reconnaisance and 
Their detailed discussion of 
cedure will be helpful to m 
agements. Incidentally, thi 
be a valuable aid in the first 
The review of problems 
standing in the industry 
authors’ recommendations 
both governmental and 
comprise a forthright and fitt 
clusion for the book proper. 
There follow five apps 
technical supplement, a tabula 
of the U. 8S. power reactor p: 
glossary of atomic terms, 
and the Atomic 
Forum’s membership list. 
The book should 
exceedingly helpful to nuck 
comers but also quite interest 


raphy, 
prove 
business and industrial peo; 


deeply involved in the ato: 
industry. 


BOOKS RECEIVED 


Annual Review of Nuclear Science 
Vol. 6, 1956, edited by J. G. Be 

M. D. Kamen, and L. I. § 

nual Reviews, Inc., Palo Alt 

1956, vii + 471 pages, $7.00 
reviewed.) 


The Atom, 5th ed., by George T 
(Oxford University Press, New Yor 
1956, viii + 206 pages, $1.20). Since 
its first edition in 1930, this 
little book for the nonspecialist 
been continually revised to kee} 
with the rapidly expanding k: 

of the atom. The fifth editir 
information released at the Ge! 
conference with a chapter 0! 
energy. 


Strahlendosis und  Strahlenwirkung 
(Radiation dose and radiation ef 
2nd ed., by B. Rajewsk 
Thieme Verlag, 1956, xvi + 
$8.60). Here is a compe! 
information for the radiatio1 
Effects of radiation on mice 
tables of biologically signi! 
topes, biological characte 
human organs, effect of dose 
tion—these are the types 0! 
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b 


found in text and 


tables. 


half of the book is devoted 


tensive bibliography 
ence table. 


Angewandten 
for applied 


obelle zur 
veik (Tables 


Manfred von 


with a 


Kern- 


nuclear 
Ardenne 


eutscher Verlag der Wissen- 


Berlin, 1956, 139 


pages). 


eactors, reactions, emulsions, 


gy, and the like are 


ulated 


exten- 


in the following 7 


fundamentals, nuclear meas- 


nuclear weapons, 


idioisotopes, stable is 


nuclear 


otopes, 


t constants, and magnitudes. 


sdiology Physics, 3rd ed., by 
Nostrand 


D. 
1956, 


Van 


York xvi + 330 


J. XK. 
Co., 
pages, 


his introductory course, orig- 


iblished in 1940, 


has 


been 


-to-date by the addition of 
modern nuclear physics 


ology. It is old 


fashioned 


nd treatment, but will serve 


introduction for the 
st and the M. D. 


he Physics of Nuclear 


titute of 


health 


Reactors 
Physics, L 


ondon, 


110 pages, 25 shillings). 


he proceedings of the con- 


1) 


held by 


Institi 


> 


the 


Londen, July 3-6, 


rogram covered a broad 


ite of 
1956. 
range 


roblems associated with 


sign and use of nuclear reactors 


t just problems of core 
there are talks 


mple, 


design. 
on the 


f advanced reactors by J. R. 


Argonne, on the de 
HYR, by L. R. 


on radiation effects in 


Shepherd 


sign of 
of 


solids, 


ttrell of Harwell, and on such 


problems 


as the shielding, 


ind instrumentation of reac- 


The articles are generally 


reviews. Taken t 


m a very 
h one may dip occas 
smiliar things, often 
reactor problems. 


following the papers 


in the 
wether 


interesting volume 


ionally 
a new 


The dis- 


is in- 


nd this provides some interest- 


leas and philosophy. 


he Oscilloscope at Work, by A. Haas 


R. W. Hallows 
New York, 1956, 171 
The 
here the simple, basi 
the art. 


novice 


(Philosophical 


pages, 


oscillographer 


c elec- 


» Encyclopedia of the Iron and Stee! 


oustry 


by A. K. Osborne 


ol. 15, No. 2 - February, 1957 


( Phile- 


sophical Library, Inc., New York, | 
1956, xi + 558 pages, $25.00). The 
author intends this book as a reference, 
rather than a textbook, on the ‘‘ mate- 
rials, plant, tools and processes used 
in the Iron and Steel Industry.” In- 
cluded flow extensive 
references, and appendices giving con- | 


are sheets, 
version tables, weights and measures, | 
steel properties, and industrial societies 
and other groups. 





Patent Notes for Engineers, 7th ed., 
by C. D. Tuska (McGraw-Hill Book | 
Co., Inc., New York, 1956, 192 pages, | 
$4.00). This book clearly and thor- 
oughly tells the inventor how to protect | 
his inventions. 


Reference Data for Radio Engineers, 
4th ed., (International Telephone and 
Telegraph Corp., New York, 1956, 
1,150 $6.00). New material 
has added nuclear 


pages, 


been on physics, 
magnetic amplifiers, feedback control 
systems, semiconductors and transis- 
tors, scattering matrices, digital com- 
putors, information theory, and proba- 
bility The 


chapter on nuclear physics has sections 


and statistics. 32-page 


on nuclear particles, terminology, ac- 
celerators, and radiation safety. 


Calculus Refresher for Technital Men 
and Trigonometry Refresher for Tech- 
nical Men, both by A. A. Klaf 
Publications, New York, 431 and 627 
pages respectively, $1.95 each These 
two question-and-answer courses offer 


Dover 


“busy” 
Each 
its subject 
of 
An- 


an interesting way for the 
man to review his mathematics 
book 


matter in a 


progresses through 


series of questions 
gradually difficulty. 


swers and tables are included. 


increasing 


Transactions of the Symposium on 
Partial Differential Equations held 
at the University of California June 
20-July 1, 1955, edited by N. Arons- 
zajn, A. Doublis, C. B. 
(Interscience Publishers, New York, 
334 $6.50). The 28 papers 
of this symposium have been printed 


Morrey, Jr. 
pages, 
here. The 5 series of longer lectures 


are not included, but will be published 
separately. 


Spectroscopy at Radio and Micro- 
wave Frequencies, by D. J. E. Ingram 
(Philosophical Library, Inc., New York, 
1956, xii + 332 pages, $15.00). This 
volume is a highly useful addition 
to a rapidly growing field. A wide 
range of topies is covered, from the 
cider subjects of gaseous spectroscopy 
and beams to the more recent efforts 


PROMPT 
DELIVERY 


A GRAM 
OR A CARLOAD 


OXIDE 


(SEVERAL GRADES) 


FLUORIDE 


NITRATE 


AND OTHER SA. TS 


GADOLINIUM 
SAMARIUM 


EUROPIUM 
AND OTHER 
SEPARATED 
RARE EARTHS 


WRITE FOR TECHNICAL 
DATA 


World's largest 
producer of rare earth and 
thorium chemicals for commercial 
atomic energy use and industrial applications 
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in the spectroscopy of sol pars. 
magnetic resonance, ferromay netic r. 
onance, and resonance in 

and free radicals. The 
frequencies covered by the m 
ments extends from under a meg; 
all the way to the highest fr 
obtained by crystal mult 

(near 500,000 Me/sec). In 

a considerable section is dé 
|microwave electronics, and 
general principles of the vari 

of microwave spectroscopes. 

With such a broad range of su 
material, the author could not g 
any great amount of mathemat 
detail, instead he presents only 
formulae which are necessa) 
, explain the experimental facts, He 

also presents sufficient detai] wi 

ALL TYPES OF LEAD-SHIELDING PRODUCTS | rs", ‘0 experimental spr 

|that the reader may understar 
Shown here is a mobile transfer cask of lead-clad steel—one of many | the experiments were performed 
such containers we manufacture for industry and universities. Our 
engineers and physicists can assist you in economical design and Advances in Electronics and Electroy 
fabrication of casks, source containers and shielding for industrial Physics, Vol. Vill, edited by L. M 
radiography. (Academic Press, New York 
xi + 562 pages, $13.00). A 
guished list of contributors brings t 
reader up to date in molecular 
GENERAL LEAD CONSTRUCTION CORP. field emission, mass spectroscopy, 1 
1900 Harrison Ave. * Kearney, New Jersey netron modes, and some more co! 
tional electronics. 


Write us today concerning your particular problem and for compiete 
information. 











Handbook of Semiconductor Ele 
tronics, edited by Lloyd P. Hunt 
(McGraw-Hill Book Co., New \ 


1956, 832 pages, $12.00). The volu 
s 68 « 7 

covers exhaustively the physics, 
iS] in nology, and circuitry of transistor 

semiconductor diodes, and photocelk 


ALSO OF NOTE 


Booth 124. a 


| . ° 
| Accelerators and Pion Physics. 
| proceedings, in 2 volumes 


|papers at the symposium hi 
a e Geneva, June ’56. Volume 
|with accelerators and volume 2 wit 


pion physics and experimé 
|niques. Each contains 


ATOMIC EXPOSITION | ===..22"<380=~ 
formation, Case Postale 25, Gen 


Switzerland, about $9.34 per 





. = * Suggested Practices for Electric 

Phil dl h ’ F t 4 l| Standardizing Laboratories ‘\ 
lia ep las onven ion a | Circular 578). This Burea St 

| ards circular, by F. B. Silsbee. suse 

techniques and principle: 

| standardizing operations. 


March 1-15 ‘ernment Printing Office, 
25, D. C., $0.16. 

| Bibliography on Nitroger 

| Circular 575). This literat 
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thinking of 


FUTURE 
INCOME? 


Send for Prospectus and 
Descriptive Literature on— 


NUCLEONICS, 
| CHEMISTRY & 
| ELECTRONICS snares, me. 


.. « @ professionally managed 
Mutual Fund concentrating its 
investments in these 3 industries. 





» Pellarerecccsescccccceccosses 


N.C.E. SHARES DISTRIBUTOR 
10 E. 49th ST. © NEW YORK 17, N. Y. 








State 








SCIENTISTS 
ENGINEERS 
EDUCATORS 


FRUSTRATED OVER INSTRUMENTATION? 


TULLAMORE ENGINEERS ARE PREPARED 
HANDLE YOUR NUCI.EAR INSTRU- 

MENT PROBLEMS. AMONG THE MANY 
FIELDS IN WHICH WE CAN BE OF 
SSISTANCE TO YOU ARE THE FOL- 
OWING 

* Radiation Detection 

* Pulse Amplitude Spectroscopy 
*Automatic Data Recording 

* Analogue-to-Digital Conversion 

* Digital Readout 

* Ultrasonics 
THE TULLAMORE ELECTRONICS LABO- 
RATORY SPECIALIZES IN THE DEVELOP- 
MENT AND MANUFACTURE OF NON- 
ROUTINE INSTRUMENTS. OUR PROD- 
UCTS INCLUDE: 

* Non-overloading Amplifiers 

* Pulse Height Analyzers 

* Bi-Directional Scalers 

* Read-In Read-Out Scalers 

* Coincidence Circuits 

* Magnetic Core Memory Devices 

* Electrometers 

* Vacuum Gauges 

* Temperature Regulators 
"nite today and inform us of your 
nstrument requirements. 


TULLAMORE 


ELECTRONICS LABORATORY 
6055 Se. Ashland Ave. 
Chicago 36, Illinois 
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by M. W. Chapman and H. P. Broida, 
covers the period 1919-1952 with some 
later references. The citations are 
grouped by subject and relate to the 
| abundance of N!* occurring naturally, 
|its physical properties, of 
| concentrating it, methods of measuring 


methods 


N!5/N™ and the synthesis and use 


12 p. Govern- 


Washington 25, 


of N'® compounds. 
jment Printing Office, 
| D. C., $0.16 


Organization of the Federal Govern- 
ment for Scientific Activities. 
guide to the scientific activities of the 
38 Federal departments and agencies is 
the product of a 2-year survey by the 
National Foundation. This 
|report, the most exhaustive to date, is 
| the first in 9 years. 
Documents, U. S. Government Printing 
| Office, Washington 25, D. C., $1.76. 


LETTERS 


Cast Fuel Rods 


Dear Sir: 


Science 


Superintendent of 





I have been reading your excellent re- 
| port on the British nuclear power pro- 
gram in the December ’56 
Nucieonics (pp. §1-S32). 

In of the 
“Metallurgical Development”’ 


issue of 


view comment under 


| 
| Industrial 
Periscopes 


This | 


AT 
HANFORD 


SAVANNAH 
RIVER 


NAVAL 
RESEARCH LAB 


IDAHO FALLS 
LIVERMORE 
CINCINNATI 
OAK RIDGE 


Check these aduauitnges 
Sharp Definition and Clarity 





that | 
casting of fuel elements was apparently 


never considered here, you may be in- | 


terested to know that an ambitious 
program in this direction died for lack 
of interest on the part of our reactor 
operators. In early 1945 we in the 
New York Office of the Manhattan 
Project, with the help of Spedding and 


True Color 
Complete Reliability 
No Operating Cost 


| Wilhelm at Iowa State and the pro- | 
duction staff at Mallinckrodt, began a | 


| program of casting fuel elements for 

Hanford. Wehad visions of assembly- 
| line operations that would turn out cast 
|rods on a mass basis at less than one- 


half the cost of the then existing extru- | 


|sion operations. Naturally we experi- 
‘enced considerable difficulty in the 
|early work, but it was possible to cast 
| good rods. 

However, before investing large sums 


{and converting the entire production | 


| line to this method a testing program in 
reactors was required. We were un- 
successful in obtaining permission to 
subject a meaningful number of cast 
| slugs to reactor tests. This would have 
linterfered with plutonium production 
operations. 
W. E. Ke tty, President 
Walter Kidde Nuclear Laboratories, Inc. 
Garden City, New York 


Avaliable with 
these custom features: 
SELECTIVE MAGNIFICATION 
REMOTE SCANNING 
WIDE FOCUSING RANGE 
| *NON- BROWNING” OPTICS 
BUILT-IN RADIATION SHIELD 
INTEGRAL CAMERA ADAPTER 
| MICROSCOPE RELAY 
| BINOCULAR EVEPIECES 
UNDERWATER DESIGNS 


Send for Bulletin 301 


4) 
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Northampton, Massachusetts 








PRODUCTS AND 


Packaged Reactor-Monitoring Systems 


Mobile 


above 


stations shown 
ire designed to detect radiation 


vicinity of a reactor or a fuel- 


monitoring 


in the 
element-fabricating plant. Each has 


its own power supply and automati- 


cally records airborne activity in its 
vicinity 

Heart of the unit is an air sampler 
that pulls air through a slowly moving 
1 in./hr 
or betas plus gammas) at one 
later The 


filter tape and then counts 
betas 
alphas at a 


point one. 


RADIATION DETECT 


Photomultiplier 
Headon-type photomultiplier 6903 is 
useful also with 
other radiation—RCA Tube 
Division, Harrison, N. J. 

if 


especially for u-v 


low-level 


Quartz fibre. Designed for pocket 
losimeters, precision-tolerance quartz 
commercially available.— 
Quartz Fibre Products Co., PO Box 
31, O. 


fibre 1s 


7866, Cleveland 
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26.8-min activity of radon is allowed 
to decay before the alpha count is 
10-* ye 
for beta and gamma emitters and 10-” 


made. Sensitivities are cm?’ 
pe/em! for alpha emitters 

Stations are part of the manufac- 
turer’s line of reactor-monitoring equip- 
ment, which includes instrumentation 
for assessment of air, water, and gas 
systems, leak detection, surveys, etc.- 
Tracerlab, 130 High St., Boston 10, 
Mass. 


S AND ACCESSORIES 





Monitor, Pocket Dosimeters 


Battery- or line-operated portable 
monitor is designed to detect any type 
C™ and 8% 


of radiation including 


betas. Reads to 50,000 cpm; weighs 
6 Ib. 

Low-cost transistorized survey me- 
ter operates on 2 flashlight cells, 
registers 0.5 mr/hr full seale, weighs 
3.5 |b. 

Pocket, 
supplied with transistorized charger. 

Universal Atomics Corp., 143 E. 
49th St., N. Y. 17, N. Y. 


pen-type dosimeters are 


Low-background counter. Two 
shielded flow counters under an anti- 
offer back- 
ground reduction to less than 1 cpm. 
Window thickness is less than 1 
mg/cm*.—Tracerlab, 130 High St., 
Boston 10, Mass 


coincidence umbrella 


MATERIALS 


Probe and Shield 

Scintillation probe is designed for ug 
with shielded sample chamber 
without it—Atomlab, 489 Fifth Ave, 
Ni. 3» 38) au. 2 


Automatic Scanner 
Automatic windowless scann¢ 
profile of radiochromatog: 
Radiochr: 
is mounted on drum that 
front of 


tilinear chart. 


collimating slot 
logical Service Co., 28—22A 


Blvd., Long Island City 2 
. 


Counter. Model 7340B 
input sensitivity and count 
60 ke.—Electro-Pulse, 11,+ 
St., Culver City, Cal. 





Products Index 
Radiation Detectors 
Accessories 
New Materials 
Reactor Components 


Literature Available 
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Like the logs in a fireplace, the fuel of a nuclear reactor “burns out” after 
a time. By-products, created by irradiation, “clog” the atomic structure of 
the fuel element, and the release of heat energy diminishes. 


When reactor fuel reaches this stage, it must be reprocessed in order 
to reclaim the valuable fissionable materials remaining. In this way 
nuclear power production can be maintained economically. 


The reprocessing of spent fuel elements is a task that requires 
expert knowledge, specialized equipment, and considerable prac- 
tical experience. It is, in general, an outside service that will be 
required by reactor operators. 


With more than eight years of successful experience in 
solving advanced technical problems in atomic energy, 
Sylvania has long been a leading processor of reactor fuel 
elements and assemblies, as well as a pioneer in the de- 
velopment of fuel elements and reprocessing techniques 
Whether your reactor plans are immediate or for the fu- 
ture...for power or research...international or domestic 
...our scientific and engineering staff will gladly discuss 
your problems with you. For your files, write for Sylvania’s 
just-published booklet on Nuclear Fuels. 


¥ SYLVANIA 


ATOMIC ENERGY DIVISION 


SYLVANIA ELECTRIC PRODUCTS INC. 
Atomic Energy Division, P. 0. Box 59, Bayside, New York 
in Canada: Sylvania Electric (Canada) Ltd., Shelli Tower Building, Montreal 
Sylvania International Corporation, 14 Bahnhofstrasse, Coire, Switzeriand 
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ONCE IN A LIFETIME... 


Model of Latin America’s first Atoms-For- 
Peace nuclear-powered electrical generat- 
ing system, now being developed by Martin 
for the Dominican Republic... Also Martin 
nuclear activities now rapidly expanding 
as a result of a major development contract 
in the field of aircraft nuclear propulsion 
... There are many excellent opportunities 
for engineers, with or without previous 
nuclear experience. Contact J. M. Holly- 
day, Dept. N-2, The Martin Company, 
Baltimore 3, Maryland. 
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Dy Oxide 

Dysprosium oxide at >95 

is available for reactor 
Jan. ’57, p. 44).—Researc!: ( 
cals, PO Box 431, Burbank 


Stainless Alloy 

Photo above illustrates high ductilit 
of CD-4MCu in pulled tensile speci 
men. Corrosion rate in boiling nity 
acid is low and does not increase wit 
time. No decrease in bend angle be 
fore cracking is observed after exyy 
sure to a boiling copper-sulfat 
furic-acid solution. Manufatt 
offers castings of the all 
Casting Institute, 286 Old ( 
Rd., Mineola, N. Y. 


| 


Plastic Liner 

Coroline 347 is epoxy-bas 
rosive liner inert to orga! 
dilute mineral acids, caustics 
lines, most solvents. Is | 
sprayed on tanks, scrubbers 
ducts after two components 
—Homalite Corp., 11-13 ! 
Dr., Wilmington 4, Del 


Plastic shielding. Leadol: 

filled polyethylene (95 wt 

suitable for cast shielding 

220 to 300° F.—Telect: 

35-16 37th ‘St., Long Is actor 

N, ¥. strume 
nitori 

Plastic coatings. New plastic: sultin 

has equipment for coati! pplyin, 

with Plastisol, epoxy, vi! terials 

ete.—G. 8. Plastics BB elop: 

Brookpark Rd., Clevela: tkshire 
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thin-walled tubing. Light-gage tubes | 
new welding process in con-| 
ngths to 200 ft have better | 
roperties, lower cost than 
Available in all types 
steel, titanium, and other 
illoys.—Universal Tube 
33 South Kedzie Ave., 
23, 


REACTOR COMPONENTS 
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High-Purity Thorium 

stal-bar thorium above is product | 
Arkel-deBoer iodide process 
leveloped by the manu-} 
yperation with Battelle 
Institute. Product is of 
highest purity now obtainable. Oxy- | 
om content is <50 ppm, nitrogen | 
(0 ppm, carbon <40 ppm. —Metal 

ic., Beverly, Mass. 


fowder-Wrought Metals 


ought metals are formed 
juence shown in photo: | 

ngot, finished shapes. 

can be made of alumi- 

m, accurate distribu- 
Absence of voids 

hanical properties.— 

rp. of America, Yonkers, 


for instrumentation. Nucleonic 
ments for control, safety, health 


| 
| 
| 
| 
| 
| 
’ 


g are available. Firm is} 
on the instrumentation and ' 
nstruments for new Swiss | 
testing reactor.—Isotope | 
ents, Ltd., Benham Grange, 
England. | 
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FLOW RATES 
is CRITICAL 
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in nuclear reactors where the slightest flow-rate 
Tilaeels) lel: Mmilelel-Jaeliel@melsleMelisl Tamil tlie Milt i 
el-MEel tila) eM luliuil-lelleli Ih mmelale| vrately 
rmeter bearingless turbine-type Flow-sensing Elements 


old Me iel tM ol teelullsle ME Siclalele] i 


Pottermeters feature o patented venturi an 
biTeveli tile MM aeliol@iel tile Mel leMaelMo\Mulele( MUM sleclallacliby 
ieuilele ul tieMel elel MC ilelol( Malle lMele stile mele 
temperature operation is assured in a wide linear 
range of flow rates with high repeatable accuracy. Ideal 
tor high temperature water orrosive and 
rerelslielilistehi-teMile [lel Mm @telsM ol -MtiliP4 localism lM do.) 


f Taleliaelililc Ms taelsellsleMelslemmel, ntrol instrumentation 


Write today f 


POTTER 


POTTER AERONAUTICAL CORPORATION 
U.S.Route 222 * Union, New Jersey 
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ways better at 
watching over you 


Picker Gardray 
Radiation Badges 


1 wide intensity range 


Records exposures low as 50 mr, high as 
300,000 mr. 


2 wide energy range 


Gamma, bete, x-rays (soft and hard) nev- 
trons, single or mixed exposures. 


“control” safeguard 


Separate control badge guards against 
accidental fogging. 


4 double-sure identification 


1 code printed on wrapper 
2 x-rayed on film 


5 no loading or unloading 

Weor badge as received, return it intact. 
6 prompt reporting 

Dependable, easy-to-read, too. 

7 compact, lightweight 

See size above: less than 1 oz. 


§ attractive, unobtrusive 


Clips on firmly, won't catch clothing. 


9 durable 


Secure snap-locks, won't come undone, 
won't break. 





Te subscribe, call any Picker X-Ray 
lecal office (see your ‘phone book) or 
write te Picker X-Ray Corporation, 
25 Se.Broedweay, White Piains, N.Y. 


| Nuclear construction. 


im LITERATURE AVAILABLE 


Atomic power plants. Impressive 
presentation of the potentials of 
atomic reactors, including color cut- 
away of details of an atomic power 
plant headed ‘‘Competitive Power 
from the Atom.”’—Alco Products, 
Inc., Box 1065, Schenectady 1, N.Y. 


Zirconium. ‘‘ More Zr Facts” is new 


| bi-monthly publication.—Carborun- 


dum Metals Co., Akron, N. Y. 


Tubes, transistors. Data sheets give 
performance of 2N269 junction tran- 
sistor, 5725 sharp-cutoff pentode, and 
series of new receiving tubes with 
450-ma heaters for series operation.— 
RCA Tube Division, Harrison, N. J. 


| Instrumentation. New price list and 


catalog are available.—Baird-Atomic, 


| Inc., 33 University Rd., Cambridge 
| 38, Mass. 


Four-page 
pamphlet entitled ‘‘Atomic Energy 
Facilities” illustrates company’s of- 
ferings of research and power facili- 
ties.—Ralph M. Parsons Co., 617 So. 
Olive St., Los Angeles 14, Cal. 


Reactors. Bulletin GEA 6326-B de- 
scribes specific uses, design character- 
istics, safety features and experi- 
mental facilities of swimming pool, 
heavy water and nuclear test reactors. 
12p. Commonwealth Edison’s Dres- 
den nuclear powerplant is deseribed in 
Bulletin GER 1301. The 28-page 
booklet gives details of the general 
plant, reactor, turbine, auxiliary sys- 
tems and control and operation. 
General Electric Apparatus Sales Di- 
vision, Schenectady 5, N. Y. 


Reactor. Bulletin N-56-8 describes 
operation of the aqueous homo- 
geneous burner reactor, its auxiliary 
system, biological shield and con- 
tainment. Operation and range of 
research facilities of a tank-type 
reactor are described in Bulletin 
N-56-9. 4 p. each.—Foster Wheeler 


Corp., 165 Broadway, N. Y. 6, N. Y. 


Pyrometer. Portable potentiometer 
pyrometer with interchangeable di- 
rect-reading scales is described in 
8-page bulletin 9B. Pyrotest can 
check all types of thermocouple- 
actuated temperature instruments 
and many electrical instruments. 
Technique Associates, 211 E. South 
St., Indianapolis 25, Indiana. 





t 

This name plate has marked 
the front door of Tech: 
Operations, Incorporated 

6 Schouler Court in Arlington 
Massachusetts, since the « 
pany was founded in 195 
Now, expanded into larger 
operations at Washingtor 
D. C., Monterey, Califor: 
and Fort Monroe, Virginia 
Technical Operations als 
moves to new offices and lab- 
oratories in Burlington, Mas- 
sachusetts .. . 


for advanced 


RESEARCH and 
DEVELOPMENT 


for industry, business 
and government 


Here, at Burlington, as at 
Arlington and other facilities, 
senior scientists will find limit- 
less opportunity in experi- 
mental research and develop- 
ment—in chemistry, physics, 
nucleonics and electronics 
Challenging positions are 
available in theoretical work 
in physics, operations research, 
and other fields. 


address: 
Robert L. Koller 


TECHNICAL 
OPERATIONS 


INCORPORATED 


South Avenue 
Burlington, Massachusetts 
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" AIRMATIC 
Pneumatic Tube Systems 
for Sample Irradiation 


— Specially engineered and 
manufactured for pro- 
viding fast and safe 
transmission of materials 
within the reactor core 
as well between the core 
and laboratory, test 
booth, etc. 


LAB 


“Rabbits” of fiber, mag- 
nesium or plastic handle 
any type of test material 
and are propelled by vac- 
uum or a combination of 
vacuum and pressure. 
We engineer and manu- 
facture all types of 
Pneumatic Tube Systems 
for overall plant commu- 
nications from Manual 
Systems to Fully Auto- 
matic Systems 


For 
Further Information 
Call or Write: 


aw Fe, 
AIRMATIC <7 
SYSTEMS CORP. 


REACTOR 








MOVING? 


lf you are moving (or have 
moved), tell us about it, 
won't you? Your copies of 
NUCLEONICS will not fol- 
low you unless we have 
your new address imme- 
diately. Make sure you 
don’t miss a single impor- 
. . and help 
us make the correction as 
speedily as possible by 
giving us your old address, 
too 


NUCLEONICS 


Circulation Dept. 
S00W. 42nd St., New York 36, N. Y. 


tant issue 








Backward-wave oscillator. Four- 
page brochure gives characteristics of 
miniature backward-wave oscillators 
or ‘‘carecinotrons.’’—Varian Associ- 
ates, 611 Hansen Way, Palo Alto, Cal. 


Remote controls. Bulletin J-100 
covers electrical remote posLtioning 
controls, 8 p.—Jordan Co., 3235 W. 
Hampton Ave., Milwaukee 9, Wis. 
Power supplies. Catalog gives man- 
ufacturing details, characteristics of 
line of power supplies. 34 p-- 
Lambda Electronics Corp., 11-11 131 
St., College Point 56, N. Y. 


Atomic educator. Data sheet N38 
as teaching 
tool. Kit includes sources, ores, ab- 
Nucle- 
onic Corp. of America, 196 Degraw 


St., Brooklyn 31, N. Y. 


describes kit intended 


sorbers, etc. Cost is $195. 


Three-minute synchros. Bulletin de- 
scribes 4 synchro control transmitters, 
4 control transformers with maximal 
electrical errors of 3 minutes of are. 
4 p.—Norden-Ketay Corp., Com- 
merce Rd., Stamford, Conn 


Log-n and period amplifier.—Sug- 
gested nuclear-reactor control system 
is included in 4-page brochure describ- 
ing log-n and period amplifier. Two- 
page sheet describes ion-chamber 
power supply. Brochure (4 p.) de- 
scribes Quik-Konnect thermocouple 
fittings. Bridge, 
which multiplies, divides 


Sorterberg Force 
squares 
pneumatic signals is described in 8- 
page booklet.—Minneapolis-Honey- 
well Regulator Co., Wayne and Wind- 
rim Aves., Philadelphia 44, Pa 
shielding. Data Sheet 
describes constructional 


Magnetic 
101 (1957) 
features, performance characteristics 
of Fernetic and Co-Netic magnetic 
shielding material—Magnetic Shield 
Division Perfection Mica Co., 20 N. 
Wacker Dr., Chicago 6, Ill. 


Crystal models. Six-page brochure 
shows 3-dimensiona! crystal-lattice 
models manufactured in Cologne, 
Germany. Elements, salts, organ- 
ics, mineral compounds and alloys are 
included—aArthur S. LaPine and Co., 


6001 S. Knox Ave., Chicago 29, IIl. 
Industrial TV. Booklet 


video, audio, lighting, transmission, 


describes 


distribution equipment and includes 
15-page guide to types and uses of 
industrialtelevision. 64p. 
Electric Co., 420 Lexington Ave., New 
York 17, N. Y. 


Graybar 


WKNL 
IN THE NEWS 


NUCLEAR SHIELDING STUDY 


Walter Kidde Nuclear Laboratories 
has just completed a field expedient 
shielding study for the Corps of Engi 
neers, Research and Development Lab 
oratories, Fort Belvoir, Va. While de- 
tails of the work are classified, objec- 
tive of the study was to gather basic 
data concerning shielding against neu 
tron and gamma radiation, using mate 
rials available in military field opera 


tions. 


It is expected that the results of the 
study will aid theoretical design and 
computation work for military applica 
tions’ of nuclear power plants 


~x~ * * 


NUCLEAR CONGRESS 


WKNL is looking forward to the 
1957 Atomic Exposition and Nuclear 
Congress, to be held in Philadelphia 
next month. Our exhibit will show 
some of the work we are doing as nu 
clear consultants on industrial applica 
tions of atomic energy. 


WKNI 


design and instrumentation of several 


projects currently include 
novel nuclear power plants, two mo 
bile reactor studies, experimental stud 
ies of moderator materials, hydrauli 
loop testing, development of a liquid 


mercury control system, application of 


fission products to production of light 
sources and miniature power sources, 
and research and development for the 
nuclear aircraft and commercial atomic 


power programs 
* * * 


NUCLEAR EMPLOYMENT 


Positions are available for qualified 
chemical 
Write to 


Personnel Manager for information 


physicists, mathematicians, 


and mechanical engineers 


Consultants 

to industry 

on applications 
of nuclear 
technology 


WALTER KIDDE 
NUCLEAR LABORATORIES, 
INC. 


975 Stewart Ave., Garden City, N. Y. 
Telephone Ploneer 1-4350 
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DRIFT FREE 


DC UV 
AMPLIFIER 


The KAY LAB MODEL 111 amplifier pro- 
vides the lowest drift of any commercially 
available broadband d-c amplifier. The 


unique circuit incorporates KAY LAB’s | 
proven chopper amplifier system to pro- | 


vide unsurpassed dynamic performance 
— unaffected by load or gain changes. 
Available in a single-unit cabinet or a six- 


amplifier rack-mountable module only 19 | 


inches wide, the Model 111 is ideal for 
data reduction facilities, or as a strain 
gage amplifier, recorder driver amplifier, 
or general purpose laboratory amplifier. 


SPECIFIRCATIONS 


+ + 2 uv equivalent input drift 

+ Integral power supply 

+ + 35V, + 40 ma output 

+ 100,000 2 input impedance 

* 0 to 1000 gain in ten steps 

- + 1% gain accuracy 

* 5 uv peak equivalent input noise 
* Price (Single) Amplifier $550.00 


Representatives in All Major Cities 





LAB 











5725 KEARNEY VILLA ROAD 
SAN DIEGO 11, CALIFORNIA 
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NUCLEAR CAMPUS 


(With news about opportunities in nu- 
clear education growing in volume at a 
| tremendous rate (NU, Nov. ’56 R8; Dec., 
| 85), NUCLEONICS this month intro- 
| duces a new column heading under which 
will be grouped all items in this field.) 


Courses 
Daystrom is planning to offer a 
reactor training course at its new 
Reactor Training Center in West Cald- 
| well, N. J. The course is designed for 
| university faculty members and indus- 
| trial management and research staff 
| members as well as candidates for re- 
| actor operator licenses. Lasting sev- 
| eral months, it will include actual 
| operation of the ‘Dart’ reactor, 
Daystrom’s version of the Argonaut. 


| 
| An institute for high-school science 
| teachers is being sponsored July 29 
| through Aug. 23 at Oak Ridge Insti- 
|tute of Nuclear Studies by AEC 
| and the National Science Foundation. 
| The 48 teachers accepted will each be 
| awarded a $300 stipend, plus a travel 
| allowance and a dependency allowance 
of $60 per dependent (up to $240). 
| Purpose is to improve the subject-mat- 
| ter competence of science teachers and 
| to strengthen their capacity to moti- 


| vate student interest in science. 


Atomic Radiation as an Urgent Public 
Relations Problem is the title of a one- 
day course being given by the Atomic 
| Law Institute in Washington. Started 

in January, it will be offered again 
| March 7, April 25, May 2 and June 6. 
The class, held at the Mayflower Hotel, 
is limited to 15; tuition is $100. 


Other News 

e AEC has approved three loans each 
of 5,500 lb of natural uranium metal 
plus neutron sources to North Carolina 
State, Ohio State, and Rensselaer Poly- 
technic Institute, for use in subcritical 
assemblies for training nuclear engi- 
neers. This brings to 16 the number 
of loans of this type to educational 
institutions. 


e Right Michigan U. faculty members 
have been granted a total of $23,973 
by the University’s Memorial Phoenix 
project, for research involving the use 
of atomic energy. 





Pyrophoricity Reprints 


NUCLEONICS, Dec. '56, p. 
28—36 available at 25¢ each 
from: 





Reprint Dept., NUCLEONICS, 
330 W. 42nd St., New York 36, N.Y. 
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NEWSMAKERS 


W 


| 


ann £. Gray, project manager _ 


e Light Co. for the Shipping- 
R, has been named general | 
ndent of construction by| 

He will continue to coordi- | 
vities at Shippingport. 


t of a reorganization at Nuclear 
pment Corp. of America, vice- 
t Gale Young drops the job of | 
lirector to become co-execu- | 
president John R. Menke in | 
ent of NDA. The firm is| 
up in four principal offices: | 
operations, headed by Gerald | 


scertzel; contract operations under | 


alter A. Hamilton; administrative 
ations under Arnold M., Zais, and | 
roller’s office, with Zais acting con- | 
The changes follow doubling | 
‘DA staff in 18 months to 300. | 
, also engaged Irving R. Taber- | 
lireetor of industrial hygiene for | 
York State, as its director of 
and safety, 


oyne P. Brobeck, with the staff of 
nt Committee on Atomic Energy 

) years, joins American Research 
evelopment Corp., Boston, as 


sssoclate. 


ymon A. Bliss has succeeded Kenneth | 


sh as president of Union Carbide | 

ear Co. Bliss, who has been with | 

Carbide since 1922, worked on 

is diffusion development in war- | 

Adolph Q. Lundquist, who has | 

led all Carbide’s uranium produc- 

activities on the Colorado Plateau, | 

s been appointed a vice-president of 

n Carbide Nuclear. Rush, vice- 

sdent of Union Carbide & Carbon 

will continue to have over-all 

sibility for the parent firm’s 
ear activities. 


nti Polak, scientific attache of the 
ands Embassy in Washington, 
s Atomics International (NAA). 


D. Thomas has been appointed, direc- 
{the Battelle Memorial Institute. 
succeeds Clyde Williams, president 

Battelle, in management of the insti- 
is research operations. 


R. Kanne, former manager of the 
pmarine Advanced Reactor (SAR) 
mits unit at the Knolls Atomic 
t Laboratory, has been named | 
er of the newly-established ad- | 
ied de relopment project at KAPL. | 
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Note: 





Specify properties 
when you use 
TEFLON 


XPERIENCE shows that in converting Teflon pow- 

ders into shapes the combination of method and 

raw material used have a definite effect on physical 
and electrical properties. 


Since properties can vary, it becomes important 
to specify those needed. 


End products made from Fluoroflex®-T (Teflon) 
rods, sheets and tubes will have the specified, re- 
quired properties . will thus perform properly. 
For, in producing two grades of Teflon, Resistoflex 
uses extrusion and molding processes that develop 
the optimum properties in each . . . with quality 
carefully controlled for consistent performance. 


“Electrical grade” Fluoroflex-T rods, sheets and 
tubing are certified to conform with AMS 3651 on 
all important electrical and physical properties. 
They’re recommended for the most critical uses. 


“Mechanical grade” extruded rods and tubing, 
having improved resistance to elongation, prove 
ideal for bearings, valve seats, nozzles and other 
mechanical parts. 


All Fluorofiex-T products are stress relieved for 
dimensional stability in machined parts. Send for 


data. ® Teflon: DuPont trademark ® Fluoroflex: Resistoflex trademark 


RESISTOFLEX 


CORPORATION 
Roseland, N. J. «© Western Plant: Burbank, Calif. 


Southwestern Plant: Dallas, Tex. 


WAREHOUSING DISTRIBUTORS: Chicago, IIl.—Colonial Kolonite Co.; Flow Products, Inc 
jartford, Conn.—Industria! Safety Supply Co. * ~?% Tex.— 

Lone Stor Rubber Co. * Los Angeles, Calif.—Western Fibrous Gloss Products * New York, 
Plastics Supply Corp. * Norwood, Mass.—lLaminated Sheet Products Corp. * Pittsburgh, i —Shields 


, Mich.—F. B. Wright Co. * 


Rubber Corp. 





. ¥.—Allied 





NUCLEAR CALENDAR 


NMC ) COMPLETE MONITORING SYSTEMS [iienneenesened 
for radioactive rig —nereien ped 


AIRBORNE PARTICLES - GASES (BIC), running all 5 day 


T. A. Marshall Jr., ASME, 29 W 
WATER CONTAMINATES (Soluble or Suspended) NYC 18. 8B. Fifth Atomic ! nergy jo, 
Industry conference (NICB , 14-15, 
contact E. A. Hammersfahr, Np 
460 Park Ave., NYC. C. Inter 
tional Atomic Exposition, a 
contact J. V. Friel, 304 A; 
Bidg., Philadelphia 3. D. Fifth 4 
Labs & Equipment Conference (fy 






INDIANAPOLIS 


== Ii 


~ 


Oe ie 


A,f3,9 8.7 Laboratories Committee), 14-15th 
AIR AiR tact Frank Ring Jr., ORNL He 
MONITOR MONITOR Ridge, Tenn. | 
mys peng March 18-27—National conven [_ 
Model AM 3-A Model AM 2 [RM - ow -Voek;' profetsional eu 


(moving filter ) (fixed filter ) on nuclear science meets 20th (Wal 


dorf); exhibits (Coliseum). Conts 





@ Records and warns automatically for periods up to one week, unattended. IRE, 1 E. 79 St., NYC. 
@ Complete monitoring systems or individual units (illustrated) assembled 

from standard components. March 25-27—10th Western Me : 
@ Custom built to solve any monitoring problem. Congress & Exposition, Los Ang : 
@ Designed for absolute containment of sampled radioactivity. (Ambassador). Sessions « al 


a NMC professional consultation inci : . 
a p cluded with each instrument. structive testing in nuclear energy 


isotope tests. Contact W. H 
man, secy., Am. Soc. for M« 


Nuclear Measurements Corp. West 42nd St. N. YON. 4 


2460 N. Arlington Ave. +* Telephone: LIBERTY 6-2415 





er March 27-29—19th annual A | aD 
FREE CATALOG INDIANAPOLIS 18, INDIANA Power Conference, Chicago (S om 

: : Sessions on nuclear power. | 

Int t | Office: 13 E. 40th St., N Y ve 

ee ae i eee TO R. A. Budenholzer, [Illinois Ty 
W. 33 St., Chicago 16 T 
March 27-29—Colloquium , 

tion effects on materials. (Off 
Naval Research, and Glenn | nd 

Radiation Co.), Baltimore (Johns Hoy 

LEAD GLASS Shielding Contact Jerome Morse, Marti: OvE 
Windows more 3, Md. — 
Aw Por 
in the April 10-12—National nuck : tee: 
Largest HAYWARD produces lead glasses mentation conference and « : ned of 
Dimensions containing up to 68% lead. Finished Atlanta (Biltmore). Contact | Dead 
Tabery, 3443 8. Hill St., Los Ang Pasco, | 


windows processed from stock castings 
6 feet x 1% feetx 2 feet. For assistance, April 15-19—7th annual 
physics conference, Natio: 
Foundation, Rochester, \. } 
Robert Marshak, Rochest« 





present us your problems. 





April 16—-18—Symposium on nonces P 
tive tests in the nuclear energ 
(Am. Soc. for Testing 
jointly with ANS, AICh! z 
Society for Non-Destructive Tes 
Chicago (Morrison). Co! 


FOR PRODUCT INFORMATION McGonnagle, Argonne Natio! mm 
IN THE NUCLEAR INDUSTRY ratory, Lemont, Il. 
TURN TO THE... April 29-May 1—Eighth an: 


copy symposium (Am. As 


N U C L E 0 N \ cs trographers), Chicago (LaSallé 
tact T. H. Zink, 4528 Divisio 











|. Bew 
Ser 
nen 
_ ep 
Oth 
com 
\ 








ic i. 
BUYERS’ GUIDE ——* 
May 14-16—Second annual |novs 
(IN THE NOVEMBER ISSUE) Nuclear Technology conference 0° 4 tes 
li f radiation (Armour Reso oS 
A McGRAW-HILL PUBLICATION ee ee Oe 
330 WEST 42ND STREET, NEW YORK 36, N. Y. (Museum of Sclence ond Industry 
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WHERE 
TO BUY 








arger Sizes Now Available 


LEAD GLASS WINDOWS 
in steel, lead, and concrete walls. 
Send for Circular GS-4 


PENBERTHY INSTRUMENT CO. 
4301 6th AVE. SOUTH « SEATTLE 8, WASH. 


Hi-D®” 





Positions Vacont 
Positions Wanted 
Part Time Work 


DISPLAYED 


The advertising rate is $15.00 per inch for all 
pay ties appearing on other than a con- 


tract rates quoted on request. 
An ee tn inch is measured }” vertically 
on a column—3 columns—30 inches to a 
Page. 


Subject to Agency Commission. 
Send NEW ADS or Inquiries to Classified Adv. 


Div. 


emplo 


lLapeor Bureous 
UNDISPLAYED 


$1.50 per line, minimum 3 lines. To fi 
payment count 5 average words as a 

Position Wanted ads are 4 of above rate 

Box Numbers—counts as | line. 

Discount of 10% if full payment is made 
advance for 4 consecutive insertions 

Not subject to Agency Commission 


of NUCLEONICS, P.O. Box 12, N. Y. 36, N 


EMPLOYMENT OPPORTUNITIES 
The Advertisements in this section include all 
—executive, management, technical, selling, office, skilled, manual, etc. 
Civil Service Opportunities 
Selling Opportunities Wanted 
Selling Opportunities Offered 
——RATES—— 


nt opportunities 


Employment Agencies 
Employment Services 


ure 


in 


Y 





KILOCURIE COBALT 
GAMMA RADIATION UNITS 


Concentrated source. 
Prefabricated. 


i radiation space 
sible, easy to operate. 
KARN RADIATION EQUIPMENT 


518 Dickson Avenve, Pittsburgh 2, Pa. 
715 Furnald Hall, New York 27, N. Y. 








SEARCHLIGHT 
SECTION 


UNDISPLAYED RATE 
$1.50 a lime. Minimum 3 lines. 
DISPLAYED RATE 
$15.00 per inch 
ADVERTISING INCH: %” on one col- 
uma, 3 columns—30 inches—to a page. 
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Opportunities ------ 


For men with theoretical background in NUCLEAR PHYSICS 


To plan and perform standardized radiation measurements. Should have 
M.Sc. and several years experience in instrumenting nuclear counting ex- 
periments. This is a permanent staff position with Sandia Corporation, a 
subsidiary of the Western Electric Company in Albuquerque, N.M. Please 
sent resumé of education and experience to Staff Employment Section 565. 


SAN DIA eeeeeveeen 


CORPORATION 


ALBUQUERQUE. NEW MEXICO 








a TERRIFIC BARGAIN in a 


SOLA CONSTANT-VOLTAGE 
(RANSFORMER 


Ends fluctuating line 
voltage! 
OVER 60% OFF... 


* factory price at a l-input 2,000 VA 

ait! And here's another bonus! This 

verstock, Sola Cat. No. 30768. has 
90-125 V.. 190-250 V.. 60 cy. or 50 cy. Isolated 
is constant 115.0 V. + 1 ®% from no lead to 

* 4 amp. So. if you choose, use it as a 220:115 V. 

vep-down. And slash $147.50 off the factory |-input price! 


Buad new in original seed ps 4 
Erg = Fis" $97.50 
(EXPORTERS: Note choice of 50 cycles.) 
THE M. R. COMPANY 
?. 0. Box 1220-D Beverly Hills, Calif. 





2,000 VA o 








E. E. SALES REPRESENTATIVE 
ELECTRONIC & NUCLEONIC INSTRUMENTS 
Leading manufacturer of transistorized electronic 
devices and nucleonic radiation detection instru- 
ments seeks experienced, capable rep. now sell- 
ing non-conflicting allied lines to hot labs, hos- 
Ditals, universities, reactors civil defense 
Drawing account plus commission. Excellent fu- 
ture. Universal Atomics Corp East 49th 
Street, New York 17, N.Y 








NUCLEAR PERSONNEL 


Confidential placement service for technica! and 
administrative personnel. No fee. Send name and 
address to: 


Director, NUCLEAR PERSONNEL 
30 N. LaSelle St., Chicago 2, Illinois 





PROFESSIONAL 
SERVICES 





MATHEMATICAL ENGINEERS TO $15,000 
Ground floor opportunities in mathematical 
analysis department of new plant his multi 
plant manufacturer particularly needs men to 
point for management, and men to assume su- 
Pervisory positions immediately.—Contact 
R. H. Poore 
64 E. Jackson Bivd 
Chicago 4, Illinois 


Room 
WaAbash 


940 
2-1884 














HEALTH PHYSICS SERVICES, INC. 
Nl) Lew Street Baltimore 2, Maryland 
Announces 
Beta, Gamma, and Neutron Film Badge 
Service—a reliable, discriminate, perma- 
nent of monitoring your radiation 
exposures. 
2 Other radiation monitoring services and 
consultations 
TO MEET YOUR NEEDS 
WRITE FOR OUR BROCHURE 








OMEGA ENGINEERING CO. 


Specialists in engineering and piping design 
®t meactor fluid systems, structural contain- 
meat, test loops, purification systems and waste 
“posal systems. Contact Mr. Brodsky. 


70 East 45 St., N. Y. 17 
Murray Hill 9-7254 
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office 
Adv 


REPLIES (Box No.): Address to 
c/o This a7 Classified 
NEW YORK: P. lox 12 (36) 
CHICAGO 530° NW Michigan Ave 
SAN FRANCISCO: 68 Post St 


nearest you 
Div 


dl) 
(4) 


Positions Wanted 


Nuclear engineer. Ten years varied experience (half 
supervisory and above) includes stress analysis and 
field construction. Nuclear experience includes _re- 
actor physics, heat transfer, and core design. M.S 
degree. Salary requirement $12,500 in the west, 
13,000 east. Send application and name to contact 
to PW-3921, Nucleonics. 


Electronic & Nucleonics Export Sales Executive seek- 
ing position with important electronics distributor or 
export sales organization. Age 30, 10 yrs. exp. All 
phases sales & . Presently employed with well 
known export dept. of N.Y. electronic parts dist 
Wouid consider relocation. PW-4103, Nucleonics 








GOODYEAR ATOMIC CORPORATION 


POSITIONS NOW OPEN 
IN 


PLANT ENGINEERING PRODUCTION 


— DEVELOPMENT 
FOR 


ENGINEERS 
CHEMISTS 
TECHNICAL WRITERS 
METALLURGISTS 
STATISTICIANS 
PHYSICISTS 


POSITIONS OPEN ON SEVERAL 
LEVELS OF RESPONSIBILITY. FOR- 
WARD COMPREHENSIVE RESUME 


TO: 


EMPLOYMENT DEPARTMENT W 


Ww 


GOODYEAR ATOMIC CORPORATION 
BOX 628, PORTSMOUTH, OHIO 
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EMPLOYMENT OPPORTUNITIES 


















REACTORS— 
CRITICAL FACILITIES 


NATIONAL REACTOR TESTING STATION 


Phillips Petroleum Company's 
expanding reactor program at 
the National Reactor Testing 
Station, Idaho Falls, Idaho, 
will shortly include seven reac- 
tors. Career opportunities exist 


in reactor physics and reactor 















engineering. Challenging prob- 
lems in reactor theory and de- 
sign, kinetic behavior of reac- 
tors, numerical analysis, heat 
transfer, stress analysis, and ra- 
diation damage are being of- 
fered to above-average technical 


men. 













Provisions will be made to give 
course work and_ on-the-job 
training in reactor physics to 
inexperienced men with ad- 
vanced background in mathe- 
matics and physics who desire 


to work in reactor physics. 





Idaho is unrivalled as a center 


for outdoor recreation in an 





area free from metropolitan 
congestion. Idaho Falls, where 
90% of our 1100 employees in 
the Division live is a fine pro- 
gressive city of 25,000 popula- 
tion. Its schools and other cul- 
tural facilities to meet family 
meeds are well above average. 

















For further details direct your inquiries to: 


PHILLIPS PETROLEUM COMPANY 


P. O. Box 1259 Idaho Falls, Ida. 






























































PHYSICISTS AND 


a 
MATHEMATICIANS 
4 


How do your 
special skills 
fit into the 


AIRCRAFT NUCLEAR 
PROPULSION PICTURE ] 


AT GENERAL ELECTRIC? | 


Many physicists and mathemati. 
cians who recognize the excep it 
tional promise of a career in G 
eral Electric’s fast growing Aircraf 
Nuclear Propulsion Department #§ 
have asked if their skills can be 
used in this significant project. 


lf you are qualified to work on 


Thermodynamic and Air Cycle 
Analysis 1 
Reactor Analysis 
Shield Physics 
Nuclear Instrumentation : 
Applied Mathematics 
Digital and Analog Computer J 
Theoretical Physics i 
you can move now into major as- 4 
signments in the development of 
nuclear propulsion systems for air- 
craft. 
You do not_need previous nuclear 
experience. Through General F 


tric’s full-tuition refund plan 
advanced university courses and 





plant training conducted by ex 
Perts, you'll acquire the necessary 
nucleonics knowledge. 

The field itself assures you a re- 
warding future, but, more thar “ 
that, the physicist or mathemati- 4 
cian who likes to work in a top : 
level scientific atmosphere will ap | 
preciate General Electric’s enc 
agement of creative thinking, 








Comprehensive benefit program 
Periodic merit reviews 
Excellent starting salaries 
Relocation expenses paid 


Openings in Cincinnati, Ohio and 
Idaho Falls, Idaho 


Send resume in confidence stating 
requirements, to location 
you prefer: 
J. R. Rosselot L. A. Munther 
P. O. Box 132 P. O. Box 535 
Cincinnati, Ohio idaho Falls, Idaho 


GENERAL @ ELECTRIC 


a ee 














ENGINEERS 
If you have been looking for an Employmest 
acy that is skilled in the STATE OF THE 
ART of Technical Recruitmeat and RELI: 
ABILITY OF INFORMATION concerning 
positions, why not communicate with w “ 
once! All Positions Fee Paid. 
FIDELITY PERSONNEL SERVICE 
1218 Chestnut St. Phila, 7, Pe 
Specialists in Aviation and Nucleonic: 








PHYSICIST 
$10-15,000 Yr. 
Should have B.S. or higher degree. W 
pervise group working on systems Sis 


inertial Guidance Components. Wel! know 
Reliable Mfg. All Company benefits 
Call, Write or Wire J, J. COOPEF 
202 S. State St.—Chicago, II! S 


Phone: Harrison 7-6345 
Prompt and Confidential Replies 

















ASSISTANT TO RESEARCH DIRECTOR TO me Oy) 
Management cpportunity for young n 
assistant to the director of researc 
manufacturer. Experience in nu 
some knowledge of nuclear damas« 
sirable. This is an entirely new ¢ 
ing the utmost in future advanceme: 
confidence contact 
R 


W. MERCE 
6 N. Michigan Ave. Ro S 
Chicago 2, Illinois Financia! 6-115° 


‘ AAA 
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NEW CONCEPTS 
IN 






physics 


chemistry 






DUALITY OF LEADERSHIP 


biology 


Angonne 


NATIONAL LABORATORY 









UNIQUE APPLICATIONS 
OF 








nuclear engineering 


chemical engineering 






electrical engineering 






mechanical engineering 






metallurgical engineering 






iNquiRiGs invireD: Professional Personnel Office P.O. Box 299 + Lemont, Illinois 





















EMPLOYMENT OPPORTUNITIES 


BS og Bl -9 
PHYSICIST 


Admiral Corporation 
has a permanent position 
open for a physicist, experi- 
enced in measuring and evalu- 
ating reactor fields. Specific assign- 
ments involve the evaluation of nuclear 
radiation environments as a part of an 
extensive long range study of high level 
radiation effects on electronic components. 


lf you have an advanced scholastic degree in 
physics with a background in solid state or chem- 
ical physics, you will qualify. Exceptional oppor- 
tunity for a career in nuclear physics including 
development of new materials. 

We offer a complete program of employee 

benefits including retirement plan, paid 

group insurance, and liberal vacation 
policy. 


Send complete resume and salary requirements to 
Mr. Walter A. Wecker, Personnel Division 


Admiral Corporation 


3800 W. Cortland St., Chicago 47, Illinois 
136 








NUCLEAR 
ENGINEERS 


A firm of nationally kno. 
sulting engineers actively engaged 
in the nuclear field is expa: ng its 
atomic power engineering gro 
We wish to secure the services 
graduate engineers with nuclear 
training. These positions 

the design, economics, and 

tion of power producing reactors 
Please furnish a brief resume 
education and experience. Replies 
will be treated confidentially 
personal interview will be arranged 


for qualifying candidates. 


J. B. Christerson 
SARGENT & LUNDY 
140 So. Dearborn St. Chicago 3, Illinois 





















REGIONAL 
SALES MANAGER 


Wanted by manufacture: 
nuclear instruments t 
area from Chicago east 
through New England. £) 
panding line of products | 
health physics direct: 
actor installations; hospit 
industrial, medical and go 
ernmental research | 
tories. Representative 

East for interviews March 
20. Previous experien: 
electronic products des 
Your resume will b 
confidentially. 


Send to: 


Technical Associates 
140 West Providencia Avenve 
Burbank, California 











HEALTH PHYSICS SURVEYORS 


Positions are now open ! 
Physics Surveyors in the N 
Fuel Division of the Olin Mat 
Chemical Corporation. ‘ 
nuclear experience requ! 
ably in a uranium fabr 

ity. Please submit res 
minimum salary required 


Employment Manco 
OLIN MATHIESON CHEMICA 
CORPORATION 


New Haven 4, Conne 


cut 
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EMPLOYMENT OPPORTUNITIES 


ENGINEERS | scssesececesececesesececeseter-” “otesatas 


i\*@eeeesepeeese se & & # 
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AND PO ee ee 


es eg SENIOR 
— REACTOR 

DESIGN 
ENGINEER 






































Honeywell 


BROWN INSTRUMENTS 


Fiat oe Covtiols. 
LEADS THE WAY IN 


A WORLD OF 
OPPORTUNITIES 














@THE COMPANY—Judging a com- 
pony on its past performance consti- 
tes sound logical thinking. Looking 
over BROWN + INSTRUMENTS record of 
ocomplishment tells a reassuring 
tory of continuous growth during 
eorly a century of pioneering in the 
dustrial ~instruments and control 
held 


@ ASSIGNMENTS — Diversified .. . 
vermonent, non-routine, in the newest 
entific field of NUCLEAR INSTRU- 
MENTATION and AUTOMATION. The 
bulk of our work is for industrial use. 


@ COMPENSATION—Rewarding . . . 
olories are competitive with those 
ofered in other industries. Our bene- 
nclude free group health insur- 
once, hospitalization and surgical 
benefits, as well as an excellent re- 
rement plon. Relocation assistance. 
















An outstanding opportunity for a 
SENIOR REACTOR ENGINEER with 
Combustion Engineering, Inc., Reactor 
Development Division, near Hartford, 
Connecticut. 
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The engineer selected will be respon- 
sible for the mechanical, thermal and 
structural design of a nuclear power 
plant for naval propulsion. His staff 
will be composed of 40 people and 
will occupy facilities at the multi-mil- 
lion dollar engineering and develop- 
ment center now under construction. 










































GROWTH — Unlimited ... your 
performance and salary is ,e-eval- 
cted twice yearly. Our policy to 
promote from within is responsible 
lor present management 


# EDUCATION—Excelient . . . finan- 
dol assistance for those desirous of 
lwthering their education at one of 
several renowned Philadelphia col- 
eges or universities. é —_— 

















Ten to fifteen years engineering ex- 
perience is required, including several 
years in the field of nuclear reactor 
design and a thorough understanding 
of the principles and problems in the 
design of nuclear reactors. 



































*Men with the vision to create 
ond the will to act can find an 
obundent ovtlet for their creative 
lent in either RESEARCH, DESIGN 
od DEVELOPMENT APPLICATION, 
. SYSTEMS ENGINEERING. What- 
wer the choice, you and only you 
vil be able to contro! and measure 
your Progress with this company, 
which leads the way in a world of 
Spportunities .. . 










Send Resume to 
Frederic A. Wyatt 


es 


venue 



















YORS 
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COMBUSTION ENGINEERING, INC. 
REACTOR DEVELOPMENT DIVISION 
WINDSOR, CONN. 






Write to D. R. GARVEY 
Nanager Employment, Dept. N 







Honeywell 


MICA BROWN INSTRUMENTS DIV. 





Wayne & Windrim Aves. 
Philadelphia 44, Pa. 
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YOURS 
for 
the 

ASKING 





A copy of this quick-reading, 8-page booklet is 
yours for the asking. It contains many facts on the 
benefits derived from your business paper and 
tips on how to read more profitably. Write for the 
“WHY and HOW booklet."’ 


McGraw-Hill Publishing Company, Room 2710, 330 West 
42nd St., New York 36, N. Y. 
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the most complete line 
AUTOMATIC - MANUAL + PORTABLE 


Model 98 
Portable Scintillation 
Spectrometer 


Virtually eliminates troublesome cosmic 
rays permitting quick accurate identification 
of radioactive materials. For oil and uranium 
prospecting and general laboratory 
measurements. 


Model 230 Manual 
Scintillation Spectrometer 


Designed for qualitative analysis of radio- 
isotopes — singly, or in compounds and 
mixtures; for applications involving two or 
more isotopes and for low level counting 
work which requires background reduction. 
Addition of M-10 Mercury Shield almost 
completely eliminates background. 


Model 2300 Automatic 
Scintillation Spectrometer 


Automatically sweeps between any two 
predetermined levels within range of 0 to 100 
volts, then resets and repeats cycle. Includes 
Brown ElectroniK recorder for automatic 
print-out. Automatic sample changer (acces 
sory Model S-24) changes sample when 
sweep circuit resets. Can also operate 
manually as single channel analyzer. 


Model 3300 
Magnetic Memory Core 


Scintillation Spectrometer 


100 and 256 Channels 
fastest, finest analyzer available 


Highest count speed yet achieved — com- 
pletely reliable (these analyzers are actually 
in use in the field). Utilizes remarkably 
efficient memory system to automatically 
record data on chart and digital] printer as 
well as displaying it on oscilloscope. Reduces 
man-day counting and tabulation time to 
man-minutes. 

WRITE FOR COMPLETE DATA 


RADIATION INSTRUMENT DEVELOPMENT LABORATORY 
737 Sovth Halsted + Chicego 21, Itilinois 
Telephone WEntworth 6.2346 + Cable Address RADILAS 















Radiation Counter Laboro- 
SS ee 17 

Radiation Instrument Co.. _ 97 

Radiation Instrument Devc!- 






opment Laboratory. 140 | 
Radio Corporation of Ame,- | 

Sinise cE pads 9 | 
Resistance Products Co. 102 
Resistoflex Corp...... 131 | 





Rocketdyner, A Div. of North 

American Aviation, Inc 
38, 113 

Ross Heat Exchanger Divi- 
sion of American-Standard 

St. Petersburg Chamber of 
Commerce ........ 22 
Samples Machine Co., A. M.1064 
Solar Aircraft Company 2) 
Staplex Co., The..... 103 
Stow Manufacturing Co... _110 

Sylvania Electric Products, 
Me's Sa etwas i ss 125 


































































Technical Associates. . 116 
Technical Measurement Cor- - 
| ae 108 
Technical Operations, Inc. 
80, 128 
Technical Research Group. . 94 
Thermo Electric Co., Inc... .117 
Tracerlab, Inc. ....... 3% 
Tullamore Electronics Labo- 
a ee 123 





U. S. Industrial Chemicals 
Co., Div. of National Dis- 
tillers Products Corpora- 
air Sees. es. 42 

University of California Ro- 
diation Laboratory . 4) 

Victoreen Instrument Co., 
ee. cae 104 

Vitro Corporation of Amer- 
A 101 

Westinghouse Bettis Plant.. 6 

Where To Buy....... 133 

White Industrial Division, 
Re te cig > 0s 82 

Zallea Brothers ..... 13 

PROFESSIONAL SERVICES 

CLASSIFIED ADVERTISIN 
F. J. Eberle, Business Me 
nf 4 cea NITIES 

EQUIP 
(U at or 5 Surplus New 

For Sale ; 

Admiral Corp 

Argonne National Laborator 

Cumbustion Engineering, 

Reactor Development Div 

Fidelity Personnel Service 

General Electric Co. 

Goodyear Atomic Corp 

Hanley, Frank 

Honeywell Brown Instrument 

M. Co., The.. 

Mercer, W.....++5+> 

Nuclear Personnel. 

Olin Mathieson Chemical C« 

Phillips Petroieum Co. 

Peess, BB: W.... 6%: 

Sandia Corp......... 

Sargent & Lundy. 


Technical Associates 
Universal Atomics Corp 


This index is published a: 
Every care is taken to make 
but NUCLEONICS assumes « 
bility for errors or omissions 




























re o 






tion 








t and 
im 


id j 



















REPRES 
ASSOK 

tladelphi 
ROWN & 
SON 
0, Albu 
Nattle 


RD INST 
I 















NSFORT 
AN MAF 
Maia 
India, 
. Switzer], 





















February, 1957 - 














an 





ENERGY SPECTRUM 
mnie WITH " APLIFIER = exclusiy e 
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Instruments used to obtain curves were: 





Model 810 Scintillation Detector (with SI-3 crystal, 144" dx 1") 


Model 215 Non-Overloading Linear Amplifier 





Model 510 Single Channel Differential Pulse Height Analyzer (2v window) 





Model 312 Super-Stable High Voltage Supply 





Model 131 Glow Tube Scaler 
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MODEL 215 


ABLE 


NON-OVERLOADING 
LINEAR AMPLIFIER 


215 Non-Overloading Linear Amplifier pro- excellent stability of this amplifier makes it especially 


ithful amplification of small pulses in presence — useful for the pulse height analysis of X-rays in the 

me overload pulses . . . the recovery time is presence of high-energy gamma rays. Actual gain 

rional to the logarithm of the input pulse may be figured as the product of the settings of the 

tand is about 40 microsec. for 1000 times over- coarse and fine gain controls . . . selectable from 60 
incoming pulses are blocked during recovery to 6400. Complete specifications are contained in 
| inaccuracy or base-line distortion. The Bulletin AM-5505-1. 


VISIT OUR BOOTHS Atomic Erp. & Nuc. Congress #424 Mar. 11-15 Philadelphia 
I.R.E. Show #3219-3221 Mar. 18-21, New York 


PRES! NTATIVES 
ASSOCIATES, INC. New York, Bos- 


adelphia 
WN & ASSOCIATES — Alexandria, Va BAIRD ATOMIC 
SON COMPANY Los Angeles, San 
ps0, Albuquerque, Denver 

Nattle 


INSTRUMENT CO Box 428, La- 


ANSFORD CO Pittsburgh 

IAN MARCONI CO. —all Canada . : 

AS Australia, Belgium, Denmark, —_ 
ndia, Israel, Italy, Japan, Norway, co 
witzerland 9 


33 UNIVERSITY ROAD, CAMBRIDGE 38, MASS. 








. 
iCiF 


Model of the ALCO Packaged Power 
Plant. Nuclear power plants of this size 
—in which one charge of uranium may 
be sufficient for a year or more—range in 
output from 1800 to 2500 kw, or more. 


Honeywell console used in the Army 
Packaged Power Reactor. 


Honeywell controls will operate 
Army Packaged Power Reactor 


HERE’s a new solution to the problem of pro- 

viding power for radar, office machines, power 
tools, and all the other accoutrements of a modern 
army in the field. It’s the Army Packaged Power 
Reactor, all of whose parts—reactor core, shield- 
ing, instrumentation, generator, enclosure—can 
be airlifted to a site. This packaged power plant 
can provide power in remote or occupied areas, 
where conventional fuels may be unobtainable or 
too costly, and where existing generating ca- 
pacity may be inadequate. 
Built by ALCO Products, Inc., the Army Pack- 
aged Power Reactor will be operated by a 
Honeywell control system. This control system 
is now being tested at Schenectady, N. Y. 


Honeywell’s Industrial Division designed and 
assembled the complete control console. The unit 
includes the exclusive Brown Safety Amplifier 
with fast-acting relays to initiate irreversible 
scram, a combined Log-N and Period Amplifier, 
an improved AID Linear Amplifier, and other 


outstanding Honeywell products. Embodied in 
the system are the experience and know-how 
gained by Honeywell nuclear engineers in design- 
ing control systems or components for reactors at 
Battelle Memorial Institute, North Carolina 
State University, and all major Atomic Energy 
Commission installations. 


This is experience that can be applied to advan- 
tage in your own reactor project. Your nearby 
Honeywell sales engineer is ready to work with 
you on instrumentation techniques for any nu- 
clear project. Call him today . . . he’s as near as 
your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa.—in Canada, 
Toronto 17, Ontario. 


Honeywell 


BROWN t*tNSTRUMENTS 


Fiat on Coittols 
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